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Abstract 

Various aspects of factor substitution and productivity 
change in Canadian and Western Canadian agriculture are 
examined in this study. The translog cost function, a 
function which belongs to the family of flexible forms and 
does not @ priori restrict the value of elasticity of 
substitution, is used in the analysis of factor 
substitution. The analysis of changes in productivity in 
Canadian agriculture uses the Divisia index and other recent 
developments in the theory of productivity measurement. 

Factor substitution in Canadian agriculture is analysed 
using derived demand functions corresponding to various 
modifications of the translog cost function to generate 
measures of elasticities of substitution between, and 
elasticities of demand for, the five major farm inputs of 
land, labour, machinery, fertilizer, and energy, and to 
examine the nature of technical change based on time series 
data for the years 1961 to 1978. The empirical estimates 
show considerable factor substitution and complementarity, 
inelastic demand for most farm inputs, and the rejection of 
the Cobb-Douglas specification. The empirical estimates also 
indicate the presence of both land- and labour-augmenting 
technical change, no decline in capital (machinery) for 
labour substitution after the ‘energy crisis’, and the 
rejection of the value added specification. 

Estimates of both total factor productivity (TFP) and 


partial factor productivity (PFP) change are obtained using 
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the flexible weight Divisia indexing method. The estimates 
of the average annual increase of TFP in Canadian 
agriculture vary from 1.01 to 1.82 percent depending on the 
definition of the labour input (persons employed or 
manhours) used and the inclusion or the exclusion of the 
drought year of 1961. Western Canadian estimates of TFP 
based on manhours data are 2.48 and 1.70 percent per year 
for the 1961-78 and 1962-78 periods, respectively. The PFP 
estimates of the various input categories are also reported. 
The shortcomings of the PFP approach are evident from the 
empirical estimates which suggest that the productivity of 
capital and materials whose use rose over time have 
increased very slowly, while growth in the productivity of 
labour, the use of which has declined markedly, appears to 
be very high. 

The distribution of the benefits of productivity growth 
are examined by estimating the terms of trade (ratio of the 
index of the price of output to the index of the price 
input) and returns to costs ratios (ratio of the index of 
the value of output to the value of inputs). The decline in 
the index of returns to costs implies a deterioration in 
farmers’ economic position based on income from farm 
sources. The extent of such deterioration has been less in 
Western Canada which has registered higher productivity 


growth. 
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I. INTRODUCTION 


This study is concerned with the theoretical analysis 
and empirical measurement of input substitution and 
productivity growth in Canadian and Western Canadian 
agriculture over the period 1961 to 1978. In the analysis of 
changing input use, recent developments in production/cost 
theory and flexible functional forms are utilized to 
generate improved measures of the nature of factor 
substitution, the responsiveness of input demand to input 
prices, and the nature of technical change in the 
agricultural sector. In the analysis and measurement of 
productivity growth, improved flexible-weight indexing 
procedures are used to estimate productivity growth more 
accurately in Canadian and Western Canadian agriculture. The 
estimates of productivity advance are then combined with 
estimates of farmers’ terms of trade to derive indications 
of benefits of productivity change in terms of income 


generated on the farm relative to costs. 


A. Nature and Scope of the Problem 

Changes in input use and productivity in Canadian 
agriculture are issues of continuing research and policy 
interest. The major forces of technological change and input 
substitution induced by relative factor price changes have 


led to important changes in the input mix in Canadian 
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agriculture. The labour input has been replaced by durable 
inputs such as machinery and by nondurable inputs such as 
fertilizer and energy. This transition in input use raises 
important questions with respect to the nature of factor 
substitution, input demand, and technical change as well as 
to the role of intermediate (nondurable) inputs and the 
impact of the “energy crisis’ on capital (machinery) for 
labour substitution. In this study, an attempt is made to 
shed light on these issues using the translog cost function 
approach. 

Production is a process of transforming inputs into 
output. Productivity growth arises when the rate of growth 
of output exceeds the rate of growth of input. In Canadian 
agriculture, the important questions in this respect are 
whether productivity growth has slowed down in the 1970s and 
whether, and to what extent, the benefits of productivity 
growth have been eroded by the ‘cost-price squeeze’ (i.e., 
greater growth in input prices relative to output prices). 
This study tries to answer these questions using the Divisia 
indexing method and a reasonably comprehensive input 
classification. The Divisia indexing method has been 
advocated, among others, by Christensen (1975) and the U.S. 
Department of Agriculture (1980) for productivity study in 
agriculture. This procedure takes into consideration factor 
substitution and differs from the widely used fixed weight 
Laspeyres indexing procedure (used by Statistics Canada) 


which treats all subcomponents as perfect substitutes. 
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B. Research Objectives 
The overall objective of this study is to obtain key 
indicators of factor substitution and productivity change in 

Canadian and Western Canadian agriculture using time series 

data from 1961 to 1978. The more specific objectives are: 

1. To study substitutability and complementarity relations 
between different farm inputs by estimating the values 
of Allen partial elasticities of substitution (AES). The 
AES show how inputs substitute or complement one another 
in the production process. 

2. TO analyze changing input demand by estimating own and 
cross price elasticities of demand (ED) and to compare 
these with the restricted Cobb-Douglas values. 

3. To examine the nature of technical change using both 
homothetic and nonhomothetic production structures. 

4. To shed light on the expanding role of energy and 
energy-related farm inputs and the impact of rising 
energy prices on capital-labour (machinery- labour ) 
substitution and the productivity of energy. 

5. To estimate rates of growth in productivity using both 
total and partial factor productivity approaches and 
applying the flexible weight Divisia indexing method; to 
compare Divisia-based productivity growth rates with 
those based on Laspeyres procedures; and to analyze the 
distributional impacts of productivity change using 
estimates of changes in farmers’ terms of trade and 


returns to costs ratios. 
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C. The Models, Input Classification, and Estimation 
Techn iques 

In this study, empirical estimates of key indicators of 
factor substitution and technical change are obtained using 
the transcendental logarithmic (translog) function proposed 
by Christensen, Jorgenson and Lau (1971). Based on recent 
developments in duality theory, a cost function approach is 
adopted and a translog cost function is used. The translog 
function belongs to the family of flexible forms and is more 
general than the widely used, but more restrictive, 
Cobb-Douglas (CD) and comstant elasticity of substitution 
(CES) functions. The translog function does not place any a 
priori restriction on the value of the elasticity of 
substitution. Hence, it is suitable for studying both 
substitutability and complementarity between inputs in a 
multi-input production framework. 

The input classification used in this study is designed 
to examine the role of both durable and nondurable inputs 
and to treat energy as a distinct farm input. Accordingly, 
the five inputs of land, labour, machinery, fertilizer, and 
energy are used in the analysis of factor substitution in 
Canadian agriculture. In the study of productivity change, 
the inputs of seeds and feeds are also included. 

The key indicators of production structure are obtained 
from the estimated derived input demand equations 
corresponding to the translog cost function. These equations 


are estimated applying Zellner’s seemingly unrelated 
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regression (Zeliner, 1962) technique with appropriate 
restrictions. In this procedure, the set of equations are 
estimated as a system and interequation error term 
dependence is taken into account. 

For estimating the parameters of the derived input 
demand functions and for constructing productivity indexes, 
the Divisia discrete indexing method is used. In recent 
years, the link between various functional forms and 
indexing methods has been investigated. It has been shown 
that the Divisia indexing method is appropriate for the 
translog function (Christensen, 1975; Diewert, 1976). 
Accordingly, the Divisia indexing procedure, which uses a 
flexible weighting scheme, is used in this study. The main 
features of the Divisia index in relation to the widely used 
fixed weight Laspeyres index are discussed in Chapters 4 and 


or 


D. Organization of the Study 

This study is divided into seven enaptcnel A 
description of changing input use in Canadian agriculture is 
given in Chapter 2. The theoretical models, input 
classification, and estimation procedures (for studying 
factor substitution) together with a brief survey of earlier 
flexible form studies in agriculture, are presented in 
Chapter 3. In Chapter 4, the methods of data construction 
and modification are discussed and the constructed indexes 


and cost shares are reported. Empirical estimates of factor 
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substitution, factor demand, the nature of technical change, 
and other aspects of the structure of production are derived 
and discussed in Chapter 5. Estimates of total and partial 
Factor productivities and indicators of benefits of 
productivity growth are given in Chapter 6. Chapter 7 
contains the summary, conclusions, and implications of this 


study. 
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Il. CHANGING INPUT USE IN CANADIAN AGRICULTURE 


The objective of this chapter is to provide a 
descriptive picture of changes in farm input use in Canadian 
agriculture during the 1960s and 1970s. This is done in 
terms of five major input categories: land, labour, 
machinery, fertilizer, and energy. This chapter is divided 
into three parts. In the first part, the main features of 
changing input use are described. In the second part, 
previous research work on input use in Canadian agriculture 
is briefly surveyed. In the third part, some simple tests of 
the relationship between input substitution and changing 


relative input prices are presented. 


A. Major Input Categories 
Land 

The use of land as a farm input underwent some change 
in ther4960s and 1970s, particularly if*one’ assesses Jand 
use change in terms of the 1976 census farm definition.'1! The 
total area in occupied farm land in Canada grew from 154.4 
million acres in 1961 to 166.0 million acres in 1976. During 
this period, the area of improved land increased from 95. 1 
to 108.0 million acres. The increase in occupied farm land 
area was solely due to the increase in Western Canada where 


' For a discussion of land use changes in terms of the 1976 
as opposed to the 1961 census farm definition, see Veeman 
(1981). 
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total area of occupied farm land rose from 125.5 million to 
139.5 million acres between 1961 and 1976.2 The area of 
improved land in Western Canada rose from 77.4 million acres 
in 1967 to 90.5 million acres in 1976, while that of 
unimproved land increased from 48.1 to 49.0 million acres 
over the same period. The foregoing data on land use are 
given in Table 2.1. 

An important factor related to the use of land is the 
change in the size of farms. Between 1961 and 1976, the 
average size of farm rose from 359 to 499 acres in Canada. A 
more pronounced change took place in the acreage of improved 
land per farm in Canada, which rose from 215 to 323 acres. 
The increase in the average size of farm, together with the 
increased land value per acre, resulted in a substantial 
increase in the real capital value per holding ($36,500 in 


196s 8lOl S443 200 in) 1976). 


Labour 

The salient feature of factor substitution in Canadian 
agriculture since World War II has been the continued move 
away from labour (at least prior to 1973). 
Capital-for-labour substitution occurred over time as the 
price of labour (human time) increased relative to the price 
of farm machinery. Between 1961 and 1978, the number of 


persons employed in agriculture declined from 681 thousand 


During this period, there was a decline in occupied farm 
land in Eastern Canada. 
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Table 2.1: Area of Occupied Farm Land, Canada and 
Western Canada, 1961-76, Census Years 





Year Total Improved Unimproved Improved Unimproved 
Canada Million acres Percent Percent 
1961 154,42 OSatre Sey oH, 59.9 40.1 

1966 1 Ge oS 102558 Sona faye a 3 7eg 

1971 160846, A03873 hel ics! Coa S636 

1976 1659985108500 5/298 64.6 hay, La 


Western Canada 


1961 125.44 TAASO 48.06 Bano S51) 
1966 ieee s105 84.19 48.84 Goa S677 
1973 134.24 86.88 47.36 64.7 help I 
1976 139545 90.45 49.00 64.9 sre) y | 


Note: These estimates are based on the 1976 census 

definition of a census farm. 

Source: Agriculture Canada, Selected Agricultural 
Statistics for Canada, 1978 (based, in turn, on 
Statistics Canada, Census of Canada, 
Agriculture, 1976). 


to 478 thousand in Canada. A similar decline in the use of 
farm labour is also observed in Western Canada. 

Agricultural labour can be divided into three classes-- 
hired labour, unpaid family labour, and farm operators. 
Estimates of employment (persons employed) in these three 
classes of labour are presented in Table 2.2. Two important 
features emerge from Table 2.2. First, as indicated 


previously, there is a considerable decline in the absolute 
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Table 2.2: Employment of Agricultural Labour Force 
By Class of Workers, Canada, 1961-78, 
Selected Years (in thousands) 
eee ee or ee ney Ere ee NIN IS ei epee 
Year Paid Unpaid Family Farm Operators Total 
Hired Workers 


1961 Ve irs 436 681 
1966 98 110 S20 544 
1967 cle 122 338 Dod 
1968 ele 128 Sie 546 
1969 96 125 314 25 
1970 gg 116 20 Sid 
[bees 102 118 294 Bii0 
nee a9 110 2 481 
1973 96 100 270 467 
1974 ae 103 Bie 473 
isis 110 28 270 A479 
UsHAs 143 90 241 474 
eoTD 145 84 209 468 
1978 ioe Sie 252 478 





source: Agriculture Canada, Selected Agricultural 
Statistics, 1980. 


use of labour between 1961 and 1978, although most of this 
decline had occurred by 1972. Second, the importance of paid 
hired labour increased and that of family labour declined 
during the period. This is a common feature in both Canadian 
and Western Canadian agriculture. In this study, much of the 
empirical work with respect to the labour input is conducted 
in terms of manhours data rather than persons employed data. 
Quantity indexes of farm manhours in Canadian and Western 


Canadian agriculture are presented in Chapter 6. 
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Machinery 

The declining use of labour, the increasing size of 
farm, and the relatively low price of energy were factors 
associated with the growth in the use of machinery in 
Canadian agriculture during the 1960s and 1970s. Two key 
indicators are used to describe this process of 
mechanization. These are: (a) the deflated value of 
machinery per farm, and (b) the deflated value of machinery 
per worker, which are reported in Table 2.3. 

The real value of machinery per farm increased by about 
27 percent between 1961 and 1976. A faster growth was 
observed in the value of machinery per worker which more 
than doubled in real terms during this period. This increase 
in the face of declining use of labour suggests that more 
and better machinery was used. The use of more powerful and 
energy-intensive (and often energy-efficient) machinery is 
an important feature of increased mechanization of Canadian 
and Western Canadian agriculture during the period covered 


by this study. 


Fertilizer 

Higher levels of output, given a slowly growing 
quantity of land under cultivation, were partially made 
possible through steady increase in the use of fertilizer in 


Canadian agriculture. The extent and the nature of changes 


3For a recent discussion on fuel prices and the demand for 
farm machinery, see Munro (1980). 
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Table 2.3: Deflated Value of Machinery on Farms and 
Per Agricultural Worker, 1961-761 


_ Ce eee Cr eee 


Year Value of Machinery Value of Machinery on 
Per Farm Per Acre Farms Per Worker ($) 


1961 22 Sa OF 
ley! Paaisshs SP ee2 
(268 Zone 4,025 
1964 BUR 3) 4,305 
1965 31.40 5,442 
1966 O2e eG 5,468 
1967 sit) = stl DOO 
1968 Boma 2) alers 
1969 32,00 shyly ke 
1970 34,63 os ae 
1974 OU 08 
1972 sehen Oy eyrichete: 
Lo7S ep Oe 6,386 
1974 34.48 Oma dT. 
1975 SOOO 6,884 
1976 31-04 1599 





'Deflated by total farm machinery price index (1961=100) 
Source: Agriculture Canada, Statistics Relating to 
Farm Machinery in Canada, 1950-1976 


in fertilizer use are examined by considering both the total 
amount of fertilizer used and the average application rate 
(pounds per acre). 

Estimates of consumption of fertilizer between 1961 and 
1977 are given in Table 2.4. The use of fertilizer increased 
threefold in Canada while in Western Canada, the increase 


was seven times. A clearer picture of these changes can be 
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Table 2.4: Consumption of Commercial Fertilizer, Canada 
and Western Canada, 1960-61 to 1976-77 


——————— 


Year Total Use in Thousand Tons Pounds Per Cropped Acre 


Canada Western Canada Canada Western Canada 
1960-61 1078 197 ee 18h) 
1968-627 0:14 43 255 het yl 4.9 
£962-b8e@ 1250 Shoo Weel 6.3 
P0624 438 448 deed ein © 
1964-65 1594 Bie 1 Og Ges 
1965-66) 8219/7 744 1960 1228 
1966-6752: 83 899 26.9 Monae 
1967265582287 1008 29.4 1729 
1968-69 1896 638 PbeS 12 %0 
1969-70 1886 pee PS) TA! Pike) 
1970s ae e2109 3 oa, 2a 
USS Pe aS G30 29 51 se 
hog ro. 2erS 1 28e/ Soca 18.8 
To A a ee 1439 Anes BE pe Pr 
Woe Sse 6s 068 1421 43.3 Pons 
Hee) Cice/o/ esclel 1473 ere ALP S| 





Source: Agriculture Canada, Fertilizer Statistical 
Bulletin, 1979. 


obtained by looking at the trend in application rate (use of 
fertilizer per cropped acre). Application rates of 
fertilizer for the principal field and vegetable crops in 
Canada and Western Canada are also presented in Table 2.4. 
There is clear indication of intensification of fertilizer 
use. The application rate rose from 12.4 to 43.3 pounds per 
acre in Canada while in Western-Canada, the application rate 
rose from 4.2 to 27.1 pounds per cropped acre between 


1960-61 and 1976-77. It can be seen from Table 2.4 that 
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although the increase (in percentage terms) in application 
rate has been greater in Western Canada, the quantity of 


fertilizer applied per acre remains much lower. 


Energy 

The direct use of energy increased during the period 
1961 to 1978. In this study, energy is defined in terms of 
the direct use of petroleum products and electricity. The 
direct use of fuel and lubricants constitutes two-thirds of 
the overall use of energy in Canadian agriculture while the 
indirect use of energy in the production of fertilizer, 
pesticides, and machinery, and in other uses such as 
transportation, accounts for the balance. Estimates of the 
distribution of energy use in Canadian farming are given in 
Table 2-5. 

Agriculture is an important consumer of motive fuel 
such as gasoline and diesel fuel. Of these two, the 
consumption of diesel fuel has grown more rapidly and this 
trend is likely to continue as diesel engines continue to 
replace gasoline engines. In Table 2.6, the levels of 
consumption and the percentage change in the use of motor 
gasoline and diesel fuel are presented. Quantity indexes of 
energy use in Canadian and Western Canadian agriculture are 


reported and discussed in Chapter 6. 
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Vaglem- no = bistmibitven of energy Use in Canadian 
Farming 


Fuel and lubricants 67% 
Fertilizer and pesticides 17% 
Machinery 5% 
Other 11% 


Source: I.F. Furniss, "The Energy Demands of Agriculture," 
Canadian Farm Economics 13(June), 1978. 


Table 2.6: Net Farm Sales of Motor Gasoline and Diesel 
Fuel in Canada, 1965 to 1977 
(million imperial gallons) 


Year Motor Gasoline % Change Diesel Fuel % Change 


1965 22 s HS) : 

1966 601 eo 218 1.4 
1967 614 Dee Mes ane 
1968 641 4.4 22 4.4 
1969 ae -4,0 2a =A 
19:70 642 4.3 200 calyere 
i974 647 O27 Za 6.6 
tone 660 an 228 6.8 
fois 684 ras 248 O°H 
1 O05 133) 138 304 12.4 
1976 £20 Sih pas! OSH 8.8 
LOGS 718 5 Oie3 364 284 





SOURGE SFUAR ehVonris; thenergy, san Agnaicu.| Bure tGanaday 
Market Commentary - Farm Inputs, 1979. 
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B. A Survey of Selected Earlier Studies of Input Use 

A study of factor substitution and productivity in 
Canadian agriculture was conducted by Shute (1975). The 
study, which updated earlier works by Furniss (1970), 
covered the period from 1961 to 1974 and contained quantity 
indexes and cost shares of various farm inputs. These 
Figures showed continued decline in the use of labour, and 
increases in the use of farm machinery, fertilizer, and 
energy. Shute did not use any specific model to obtain 
estimates of the key indicators of factor demand and factor 
substitution. Nonetheless, the information contained in 
Shute’s paper provides a fairly clear picture of changing 
farm input use in Canadian agriculture prior to the ‘energy 
crisis’ = Shute’ s analysis of productivity change is 
discussed in Chapter 6. 

Furtan and Lee (1877) studied changing land- labour 
ratios in the Saskatchewan wheat economy. They adopted the 
framework proposed by Hayami and Ruttan (1971) who suggested 
that if technology was adopted due to changes in relative 
factor prices, the land-labour ratio should be a function of 
relative factor prices. Using this hypothesis, Furtan and 
Lee expressed the land-labour ratio as a function of the 
price of machinery, the farm fuel price, and the price of 
land, each relative to the price of farm labour. Their 
estimated function was based on Saskatchewan data for 1961 
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Furtan and Lee concluded that the relative prices of 
these input categories explained most of the change in the 
land- labour ratio. They inferred that the increase in the 
size of farm was largely due to the relatively low price of 
machines and fuels compared to the price of labour. Since 
machinery could substitute for labour, the changing factor 
price ratio between machinery and labour encouraged 
substitution between these two inputs. The Saskatchewan 
wheat economy accordingly adopted labour-augmenting capital. 

In a recent paper, Perkins (1980) surveyed trends in 
farm input costs and incomes in Canada. Perkins’ 
observations are: (a) since 1974, farm product prices have 
increased less than farm input prices and the increase in 
farm product prices since then has also been Jess than the 
increase in the consumer price index; (b) consumption of 
gasoline and diesel fuel by the agricultural sector appears 
to have stabilized in recent years; (c) hired farm labour 
continued to replace unpaid family labour, an indication of 
progressive commercialization of Canadian agriculture; and 
(d) the share of fertilizer in total cost rose more rapidly 
than that of other inputs. These observations provide a good 
background to many of the issues which are examined in our 


studynon ft dactoresubs titut jon and tproductiwaty. 
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C. Factor Use and Factor Prices 

The descriptive indicators of input use presented above 
can be combined with input price information to provide some 
simple tests of the induced innovation hypothesis. These 
tests throw further light on the direction of changing input 
use and technical change in Canadian agriculture as induced 
by changing relative factor prices. 

In recent years, induced innovation and factor 
substitution in agriculture have been examined (Hayami and 
Ruttan, 1971; Ruttan, Binswanger, Hayami, Wade, and Weber, 
1978). These studies used the concepts of biological 
technology and mechanical technology. The former refers to 
the increased use of fertilizer and other chemical inputs to 
raise the productivity of land, while the latter refers to 
to the use of machinery to substitute for labour and augment 
Ttiseproductivikys 

Ruttan et a]. (1978) provide a framework to study 
biological and mechanical technology in terms of factor 
prices and factor use. They examined changes in Penuntieen 
use per acre of land (F/N) as a proxy for biological 
technical advance, and changes in machinery per worker (M/L) 
and land per worker (N/L) as proxies for mechanical 
technical advance. These factor use ratios were regressed on 
their corresponding factor price ratios for Japan, Germany, 
Denmark, France, United Kingdom, and the United States. 
Applying their framework, the following hypotheses were 


tested for Canadian agriculture using time series data for 
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the period 1961 to 1978:4 

1. A fall in the price of fertilizer, P(F), relative to the 
price of land, P(N), increases fertilizer application 
rate per acre. Hence, (F/N) and P(F)/P(N) are expected 
to be negatively related. 

2. Machinery per unit of labour, (M/L), increases when the 
price of machinery, -P4M);—~falls-relative to the price of 
laboun men bier Accordingly, a negative relationship is 
anticipated between (M/L) and and P(M)/P(L). 

3. A fall in the price of land, P(N), relative to the price 
of labour, P{L), increases land per unit of labour, 
(N/L), implying a negative relationship between (N/L) 
and P(N)/P(L). 


The estimated coefficients corresponding to hypotheses 
1, 2, and 3 are reported in Table 2.7. Two of the three 
relationships were found to apply to Canadian agriculture. 
The fertilizer application rate was negatively related to 
the price of fertilizer relative to the price of land. This 
confirms hypothesis 1 and indicates the presence of 
biological technical change. Increase in machinery per 
worker was also negatively related to the machinery- labour 
price ratio, implying mechanical technical change. The 


4 Besides these direct relationships which associate ratios 
of input quantities with their corresponding relative 
prices, Ruttan et al. also examined indirect relationships 
between the ratio of the uses of two inputs and the ratio of 
the price of one of these inputs and the price of some other 
input. Evidence on these indirect relationships was not 
always conclusive. 
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Table 2.7: Relationships Between Fertilizer Use Per 
Acre, Land Per Worker, Machinery Per Worker 
and Their Relative Prices in Canada for the 
Period 1961 to 1978 


en eee eR ee ore ee eee a 
Coefficients of Price 


Fertilizer in Machinery in Land in 


Relation to Relation to Relation to 
Dependent Land, Labour, Labour, 
Variable P(F)/P(N) P(M)/P(L)} PAN} /PIL) R2 
Fertilizer Per -1.10** OFO7 
Ua tom ands (-5.79) 
(F/N) 
Machinery Per -1.21** 0.74 
Worker, (-6.84) 
(M/L) 
Land Per 0.56** OF ai 
Worker , (3.34) 
(N/L) 


rn 


Note: Two asterisks denote significance of the estimated 
coefficient at the 1 percent level. The t-values 
are given in parentheses. 


expected negative relationship between land per worker and 
the price ratio of land to labour, which would have added 
further support to the presence of mechanical technical 
change, did not hold for Canada. 

The above simple tests involving changes in input use 
ratios and changes in relative input price ratios indicate 
that the Canadian agricultural sector did respond to changes 


in relative factor prices. The estimates also indicate the 
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presence of both biological and mechanical technical change. 
A more detailed treatment of input use in terms of factor 


substitution, factor demand, and technical change is given 
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IIf. THE TRANSLOG MODEL OF FACTOR SUBSTITUTION: REVIEW AND 
SPECIFICATION 


The objective of this chapter is to specify the 
theoretical and empirical framework which will be used to 
analyze changing use of major inputs in Canadian 
agriculture. Typically, the analysis of production relations 
has been carried out using a production function approach 
setting output as a function of quantities of inputs and 
using functional forms with restrictive specification of 
Factor substitution. Recent developments in production 
economics suggest that the characteristics of production 
relations might be more usefully studied by using a cost 
Function approach and by using functional forms which are 
less restrictive in nature. (Diewert, 1974; Binswanger, 
1974). This study makes use of these developments. 

In this chapter, the rationale for choosing a flexible 
form and the cost function approach is discussed. A basic 
translog cost function model, with some variations, is 
specified for the agricultural sector in Canada and Western 
Canada. The econometric procedure for its empirical 
implementation is outlined. The chapter concludes with a 


brief survey of flexible form studies in agriculture. 
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A. Production and Cost Relationships 

There are two genera! types of functional forms which 
can be used in a study of changing input use--those which 
are bounded by @ priori restrictons and those which are not. 
The former type includes the Cobb-Dougias (CD), the Constant 
Elasticity of Substitution (CES) and the Leontief functions 
while the latter type includes various flexible forms.! 

The flexible forms are so termed because they do not 
impose any @ priori restriction on the value of the 
elasticities of substitution (ES). These forms are logical 
extensions of the a priori restricted forms. This can be 
seen by considering limitations of the CD and the CES 
functions and by examining the way in which the flexible 
forms attempt to overcome these limitations. The 
specification) of the CD function restricts the value of ES 
to unity which, in turn, implies constancy of factor shares. 
The CES function can be used to derive values of ES other 
than one and can link movements of factor shares with 
magnitudes of factor substitution, but it is a highly 
restrictive form when dealing with more than two inputs. 
Further, the CES function cannot generate negative values of 
ES coefficients and thus cannot be used to examine 
complementarity, a relationship which is likely to exist 
among some pairs of farm inputs. In contrast, the Leontief 
function (i.e., the input-output model) implies no 


1Detailed discussion of flexible forms and duality is given 
in Fuss and McFadden (1978) and Blackorby, Primont and 
Russell (1978). 
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possibility of input substitution with the consequent ES of 
zero. The flexible forms, on the other hand, allow for any 
value of ES between two inputs and can consider a larger 
number of inputs. Thus, these forms provide more adequate 
tools for analyzing multi-input relationships in that they 
allow for both substitutability and complementarity between 
inputs in the production process. 

The development of the flexibie forms took place during 
the 1970s. Christensen, Jorgenson and Lau (1971) proposed 
the transcendental logarithmic {translog) function. In the 
same year, Diewert (1971) advanced the generalized Leontief 
function. Two years later, Diewert (1973) proposed the 
generalized Cobb-Douglas function. The following year 
another flexible form--the quadratic function--was proposed 
by Lau (1974) and, in 1978, the generalized concave function 
was advanced by McFadden (1978). A list of these functional 
forms is available in Fuss, McFadden and Mundlak (1978). 

The various flexible forms mentioned above have one 
important mathematical property in common--each of them can 
provide a second order local approximation to any twice 
differentiable production, cost or utility function. The 
implications of this important property in connection with 
the question of choosing among flexible forms were explained 
by Berndt, Darrough and Diewert (1977: 117-118) who said: 

We are not able to discriminate and choose among the 
three forms on theoretical grounds, for each of the 
forms can provide a second order differential 


approximation to an arbitrary twice differentiable 
reciprocal indirect utility function which is 
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linearly homogeneous along the ray of equal prices. 
A priori we are also unable to choose among flexible 
forms on econometric grounds, for estimation in each 
case involves the same dependent variables, the same 
number of free parameters and the maximization of 
similar likelihood functions. In particular, we 
cannot employ classical test procedures to choose 
among the three models, for the forms are 
non-nested, i.e., one is not a specified limiting 
case of the other. We can of course compare the 
models a posteriori, examine the various estimated 
parameters and elasticities, and then discriminate 
among them in terms of conformity with our prior 
notions. 

Although some prior grounds such as the expected 
substitutability between machinery and labour in the 
agricultural sector of developed countries are clear, other 
relationships in a multi-input framework cannot be clearly 
anticipated and, therefore, the criterion of discriminating 
on the basis of prior notions appears both inadequate and 
incomplete. 

Nonetheless, some authors have attempted to 
discriminate between various flexible forms in specific 
applications. Berndt, Darrough, and Diewert (1977) compared 
the translog, generalized Leontief and generalized 
Cobb-Douglas functions on the basis of their conformity with 
prior information and on the basis of a Baysian testing 
technique. These authors concluded that the translog 
function performed the best. Kiefer (397.5) earUsingmas boxe Cox 
(1964) transformation, discriminated between the translog 
and the generalized Leontief functions and concluded that 
the former had performed better. In a more recent study, 
Appelbaum (1979) used parametric testing procedures and 


found the generalized Leontief and the square rooted 
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quadratic to be preferable to the translog function for the 
U.S. manufacturing data used in Berndt and Christensen 
(1974). 

It is clear that the issue of choosing among flexible 
forms is far from settled. The studies mentioned above were 
applied to different manufacturing data and the results are 
thus neither strictly comparable nor conclusive. In studies 
of agriculture, available empirical evidence is too scanty 
to indicate strong reasons for choosing one flexible form 
over the others. The studies by Binswanger (1973), Brown 
(1978) and Chotigeat (1978) all applied the translog 
function. For the sake of comparability and on the basis of 
the consistently meaningful results which have been obtained 
by using the translog function, this functional form is 
chosen for our study. 

Production relationships can be examined by using 
either a production or cost function approach. The former 
approach, which has dominated research, suffers from several 
limitations. The major limitaion is the existence of high 
levels of multicollinearity among input variables which 
results in imprecise estimates of production function 
coefficients.2 These problems can be reduced by using a cost 
function rather than a production function to estimate 
production relationships. The cost function approach is 
based on Shephard’s duality theorem (Shephard, 1953). A 
detailed discussion of duality can be found in Diewert 


2For a more detailed discussion, see Binswanger (1974). 
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(1974) and Blackorby, Primont and Russell (1978). 
The Translog Cost Function Approach , 

Let us specify a production function wget relates the 
flow of output Y to various input quantities Oy) 
Q(2),...,Q(Z). In its general form, the production function 


can be written as: 


Pee LOI) S G(2)50 ee, O(2)) (3.1) 


where Q(1),Q(2),...,Q(Z)) are factor quantities. It is 
assumed that (3.1) is twice differentiable. Then 
corresponding to (3.1) there exists, by Shephard’s lemma,? a 
cost. function which reflects the production technology. The 


cost function can be written as: 


i SQ RAG Gy SCA hyena ee afl (shes) 
where C is total cost and P(1),P(2),...,P(Z) are input 
prices of Q(1),Q(2),...,Q(Z) respectively. 


Empirical estimation of (3.2) necessitates 
specification of a specific functional form. In this study, 
the translog function advanced by Christensen, Jorgenson and 
Lau (1973) is applied. The translog function, like other 
flexible forms, does not place any a2 priori restriction on 
elasticity of substitution values. 


3 Shephard’s lemma implies that the first derivative of the 
cost function with respect to the price of an input is equal 
to the demand for that input. 
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28 
The Translog Singie Output Model 
The translog cost function in its usual form can be 


written as: 


: + 
In C = a, t ayIn Y+ 1/2 Yyy Cin ve + j a. In P. 


+8] / 2023 Vij In P, In P. + 5b 


InYIn P. (335) 
ij 


Yi 


where C is total cost of production, Y is aggregate output, 
and P’s are input prices. In (3.3) above, the possibility of 
augmented technical change has not been incorporated. When 
(3.3) is modified to include technical change by including 


time (t) as an argument,’ then: 


7 | 2 
In C= anit ayinY + 1/2 Yyy (In Y) et In P. 


+ 1/2 ie Vij In P. In RS + ; by; InYoikn P. 


+ o,t + 1/2 beat + d,yt In Y + Zoip t In P. (324) 
eral 


4 This formulation specifies technical change at a constant 

rate. Hence it can only provide a description of the 

‘existence and direction of technical change but cannot 

pia an exact measure. See Binswanger (1974) and Lopez 
1980). 
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Cost-minimizing derived demand equations for the 
various inputs are obtained from (3.4) by logarithmically 
differentiating this function with respect to input prices 
via Shephard’s lemma (1953). The derived demand equations 


obtained from this. process can be written as: 





n 
ATi ee ee : Veg In ts ues A ers tpt (355) 


where S(i) is the share of the i-th input in total cost.5 
Satisfaction of the adding up criterion(i.e., sum of the 
cost shares equals unity), zeroth degree homogeneity of the 
cost function in oehese, ane the usual properties of 
neoclassical production theory leads to the imposition of 


the following restrictions on (3.5): 


z a. = ] 

‘ 

rij = 9 

: (adding-up criterion) 
by = 0 

Agha er 

joetky 


5 Since textform procedures do not yet allow for letter 
subscripts, S(i) is used to designate S subscript i. This 
method is followed throughout this dissertation. 
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z es 0 | (zero homogeneity in prices) 
J 
These Slay | (symmetry) 


(3.6) 


The set of equations (3.5) has been stated in general 
terms. This set can reflect different production structures 
depending on the restrictions which are placed on it. It 
generates (a) a nonhomothetic structure with augmented 
technical change when no restriction but (3.6) is placed on 
it, (b) a nonhomothetic structure without augmented 
technical change when all coefficients of time are set equal 
to zero, i.e., when t is excluded as an argument in the cost 
function, and (c) a homothetic structure with augmented 
echnical change when all coefficients of output are set 
equal to zero, i.e., when scale effects are ignored. (This 
latter restriction should not be confused with the 
restriction that the sum of all coefficients of output is 


equal to zero, which does not in itself imply a homothetic 







a 
j 
@ 


“es @) 


a 
Ww 


‘ 
~~ 
-_ 


i 


os -_— 





_ 
_ 






a 
| ~bernetet ang eloot?s slsoc new ..o.f  OIes © tu 





re or] . 


a 


ttw-fieauinan ec joan Slimde norist7iaet 7a! . 
a Sie : : 7 bet oy m~ ; y 

) MTN ™% 2 re tottiaco fh, S see pices : 

' . ae = 


ui i ma ig 













x - . 7 . - : -_ a, i oii) 


7 


a 


31 


structure).® All these three variations of the single output 
model are used in this study. 
The Translog Joint Output Model 

In production and cost function studies, attention is 
given to disaggregation of inputs, and output is frequently 
treated as a homogeneous product. However, output is often 
composed of several distinct components. Procedures of 
simultaneous modelling of different types of output have 
only recently been developed and applied (Burgess, 1974; 
Brown, Caves and Christensen, 1975; Fuss and Waverman, 1975; 
Brown, 1978). Brown (1978) applied a joint output model 
(crops and livestock) to U.S. agriculture using the translog 
function. Following Brown, the joint-output translog 
function for n outputs and m inputs which incorporates 


technical change is: 


eh ee) 


In C= a, + 


m 
a; pete b, In P. 


qa 


nn mm 
+ i! j ‘ack od F P. 
fd a oa In Y. In Y, 2 = Wai In P. In j 


6 The coefficients of output in the system of derived demand 
(share) equations only show the extent of nonhomotheticity. 
These do not provide an estimate of returns to scale. In 
order to obtain an estimate of returns to scale,it is 
necessary to estimate the cost function as well. See Fuss 
(1977) and Fuss(1980, personal correspondence to the 
author). 
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nm ” 
+ ‘ fi In ue Tn P. tA /Z o,,t + o,t 


+ Io IneP ree oe tray. 
‘ tP. i j ty, j 
(327) 


The homothetic derived demand equations corresponding to 


(3.7) are: 





(3.8) 


where S(i) denotes the share of the i-th input in total cost 
and Y(i) (i = 1, ..., nm) are various outputs. The following 
pestrictions are placed on (3.8) to conform to linear 
homogeneity in factor prices and the usual neoclassical 


properties: 
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; b. = ] 
; Wij = 0 
(adding-up criterion) 
Sate) 
pan 
Toe, 7 = 0 
ioe 
j ab easy 0 | (zero homogeneity in prices) 
Meg ee | (symmetry ) 


(3.9) 


In this study, the joint output translog cost function 
is applied using two distinct outputs of crops and 
livestock. This output classification is similar to the one 
used by Brown (1978), but the input classification of our 
study is different. 

Elasticities of Substitution and Demand 

Estimates of elasticities of substitution and demand 
can be obtained from the derived demand equations. The 
elasticity of substitution shows the ease with which one 
factor is substituted for another in response to changes in 
their respective prices and can be expressed as the ratio of 
the percentage change in the ratio of the inputs to the 
percentage change in the marginal rate of substitution 
between them. The estimated values of the coefficients of 
(the natural logarithms of) input prices in the derived 
demand equations form the basis for these estimates. The 


gamma coefficients do not have any clear economic meaning 
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butware translated into Allen partial elasticities of 
substitution (AES) and price elasticities of factor demand 
(ED). Following Uzawa (1962), the expression for AES between 


any two inputs i and j is: 


where C. = aC/aP. 


It 
Q 
ine) 
GC 
— 
—_— 
@Q 
3 
wale 
Q 
= 
~~ 


andi CG... 
WJ 
(33t0) 


where sigma(ij) denotes AES between inputs i and j. By 
definition, the elasticities of substitution between any two 
inputs are symmetric. The expression (3.10) above is a 


general one. For the translog function, the AES are given 


by: 
2 
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The AES derived from (3.11) are not constrained to be 
constant, as in the CES function, but may vary with changes 
in the values of cost shares. This property is used when the 


values of AES for different subperiods are obtained in this 
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study. 


The price elasticities of input demand (ED) with 
respect to own and other prices are also derived from the 
estimated gamma coefficients. The concepts of AES and ED are 


also closely related. Following Allen (1938): 


(Bee) 


where E denotes the elasticities of input demand. The share 
of the i-th input need not be equal to the share of the j-th 
input. Therefore, in general, cross price elasticities are 
not equal. The relationships between the AES and ED make it 
possible to conduct an integrated study of factor demand and 
factor substitution using this model. 
Comparison with Cobb-Douglas Estimates 

The translog function reduces to the CD function when 
unitary elasticity of substitution is invoked by specifying 
that each gamma coefficient is equal to zero. Estimates of 
own and cross price elasticities of input demand under these 
restrictions enables comparison of these with the estimates 
obtained by using the translog function. In this study, the 
estimates of the elasticities of demand corresponding to the 
CD specification are also provided. The implications of the 
CD estimates and their limitations are discussed in Chapter 


5. In the case of the Cobb-Douglas specification, ED are 
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given by: 


(313) 


B. A Survey of Flexible Form Studies in Agriculture 

Binswanger (1973) first applied the translog function 
to agriculture in a study of factor substitution and 
technical change in U.S. agriculture. He applied a 
homothetic cost function and considered five inputs. 
Substitution relationships were found for the input pairs 
land- labour, land-machinery, land-fertilizer, 
labour-machinery, labour-other, machinery-other and 
fertilizer-other while complementarity relationships were 
observed for land-other, labour-fertilizer and 
machinery-fertilizer pairs. Most estimates of elasticities 
of substitution (ES) were different from unity which implies 
rejection of the Cobb-Douglas specification. The presence of 
complementarity also led to the eneerion of the CES 
nna Pelt ton Binswanger also found evidence of biased 
technical change in U.S. agriculture. 

Brown (1978) studied factor substitution and factor 
productivity in U.S. agriculture using a homothetic translog 
cost function and experimented with several model variations 
including augmented technical change, treatment of fixity of 


inputs, and joint-outputs. In the econometric analysis of 
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factor substitution, the study used three inputs--capital, 
hired labour, and materials. For the 1947-60 period, Brown 
found capital-labour and labour-material pairs to be 
substitutes while capital and material were found to be 
complements. For the 1961 to 1974 period, each of the three 
input pairs was shown to involve a substitution 
relationship. Brown, as had Binswanger, found clear evidence 
of factor augmenting technical change in U.S. agriculture. 
In general, his estimates of ES led to the rejection of the 
CD and the CES specifications. 

Chotigeat (1978) has provided one of the few 
applications of the translog function to the agricultural 
sector of a developing country. He studied factor 
substitution and input demand in Thai agriculture using a 
homothetic translog production function. Chotigeat used 
three inputs--capital, labour, and fertilizer. He obtained a 
substitution relationship between capital and fertilizer and 
between capital and labour and a relationship of 
complementarity between fertilizer and labour for the period 
1952 to 1962. For the subsequent period 1963 to 1972, all 
three pairs were found to be substitutes. The ES values 
were, in general, different from the CD specification of 
unitary elasticity of substitution. The study did not 
consider the question of technical change in Thai 
agriculture. 

Lopez (1980) used the generalized Leontief function to 


study factor substitution in Canadian agriculture. He 
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considered the four inputs of labour, capital, land and 
structures, and intermediate inputs. He used a nonhomothetic 
cost function formulation to allow for possibie scale 
effects and also incorporated technical change. This study 
found that all four inputs were substitutes. Lopez found 
strong evidence of nonhomotheticity although there was not 
significant evidence of factor-augmenting technical change. 
An explanation of this latter feature was thought to perhaps 


be due to the nonhomothetic structure which was used. 


C. Specification of Inputs in the Modei 

The derived demand equations corresponding to the 
translog cost function--13.5) for the single output model 
and (3.8) for the joint output model--for Canadian and 
Western Canadian agriculture are estimated using an input 
classification which consists of land, labour, machinery, 
fertilizer, and energy. The input classification is designed 
to study the role of energy and other major durable and 
nondurable Fa input Ss: These inputs consist of the 
following subcomponents: Jand--both improved and unimproved, 
labour--hired, unpaid family, and farm operators; 
machinery--tractors, combines, and ploughs; 
fertilizer--mixtures and materials; and energy--petroleum 
products and electricity. Explicit specification of these 
inputs is discussed in Chapter 4. Denoting these five inputs 
of land, labour, machinery, fertilizer, and energy by N, L, 


M, F, and E, respectively, the production and cost functions 
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given by (3.1) and (3.2) above can be rewritten as: 


—— 
iH 


YEQ(N), Q(L), Q(M), Q(F), Q(E)] (3.14) 


C = CIP(N), P(L), P(M), P(F). P(E), Y] (3.15) 


Proper classification of farm inputs is crucial to the 
analysis of changes. in input use over time. A brief 
reference to input classifications used in earlier studies 
and a comparison with our classification is made in Table 
Sieles 


Table 3.1: Farm Input Classifications in Various 
Flexible Form Studies in Agriculture 








Author Country Inputs 

Binswanger (1973) U.S.A. Land, labour, 
machinery, fertilizer, 
other. 

Brown (1978) Bh sie Capital, labour, 


materials. 


Chotigeat (1978) Thailand Capital, labour, 
fertilizer. 


Lopez (1980) Canada Land, labour, capital, 
intermediate inputs. 


Our Study Canada, Land, labour, machinery, 
Western Canada fertilizer, energy. 
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It can be seen from Table 3.1 that Binswanger’s study and 
this study treat as separate the use of fertilizer and 
machinery, inputs which incorporate important biochemical 
and mechanical innovations. In other studies, the level of 
aggregation was even higher. Brown (1978) used a three input 
structure of capital, labour (hired) and material in his 
study of U.S. agriculture. Chotigeat (1978) studied factor 
substitution in Thai agriculture using capital, labour, and 
fertilizer as the farm inputs. In a recent study on Canadian 
agriculture, Lopez (1980) used a four input classification 
of land and structures, labour, capital, and intermediate 
inputs. 

In none of the previous studies was energy treated as a 
separate input. The importance of energy. and its rising 
price indicate separate treatment of this input which has 
been extensively dealt with in manufacturing studies. The 
classification of inputs in this study has been designed to 
investigate separately the role of energy in relation to 
land, labour, machinery, and fertilizer. 

Although theoretically the flexible forms can consider 
any number of inputs, practical considerations limit the 
number of inputs which can be meaningfully considered. Fuss 
(1977: 89-90) illustrates this aspect by saying: 


However, application of the many-input case is 
hampered by the fact that the estimating equations 
are usually linear in simple monotonic functions of 
input prices and are plagued by multicol linearity 
problems. These problems are especially common in 
time series analysis. 
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The five inputs which are used in analyzing factor 
substitution in this study account for approximately 85% of 
all farm expenses in Canada. The sixth input--seeds and 
feeds--is not considered in the study of factor 
substitution, but is included in the analysis of 
productivity where the problems mentioned above do not 


arise. 


D. Estimation Procedures 

In the usual two-input neoclassical model, changes in 
relative input prices eventually lead to one input being 
substituted for the other. In a multi-input model, a change 
in relative prices generates a set of adjustment 
possibilities. For example, with the five inputs of this 
study (land, labour, machinery, fertilizer, and energy) if, 
say, the price of fertilizer increases, this may lead to a 
reduction in fertilizer use and to changes in the use of 
other inputs depending on the prices of other inputs and 
substitutability and complementarity relationships between 
inputs. In such situations, it is necessary to study the 
spectrum of simultaneous changes. Therefore, econometric 
estimation of the derived demand equations using a 
simultaneous approach is desirable. If the derived demand 
equations are estimated using ordinary least squares 


methods, estimators will be unbiased but will not be 
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efficient.’ An appropriate econometric approach when al] 
prices are treated as exogeneous is Zellner’s Seemingly 
Unrelated Regression technique (Zellner, 1962). This 
procedure takes into consideration dependence between error 
terms across equations and generates both unbiased and 
efficient estimators. 

In estimating the set of equations (3.5) and (3.8), it 
is necessary to have a stochastic framework; thus, a 
disturbance term, which is assumed to be normally 
distributed, is added to each of the equations in (3.5) and 
(3.8). Since the sum of the cost shares equals unity, it is 
necessary to delete one equation to avoid 
over-identification. But the estimates obtained are not 
invariant to the equation deleted. To overcome this probien, 
the study uses an iterative method to generate estimates 
which are invariant to the equation deleted. The share 
equations are estimated using the computer program SHAZAM 


recently developed by White (1979). 


E. Summary 

This chapter gave a review of previous studies and 
outlined various modifications of the translog cost 
function. The survey of various flexible forms in 
agriculture shows that the use of these models has been 


largely vindicated. Nonetheless, there does seem to be a 


7 See Kmenta (1971: 518-519) for a good exposition of this 
DOTEce 
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need to extend the basic flexible form approaches to account 
for : (a) more explicit treatment of energy, (b) the testing 
of homothetic and nonhomothetic production structures, and 
(c) the study of joint-output production. In this study, the 
translog cost function incorporating these modifications is 
used to examine changing input use in Canadian and Western 


Canadian agriculture over the period from 1961 to i978. 
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IV. THE DATA AND MODIFICATIONS 


This chapter is concerned with the manipulation of data 
into the form necessary for estimating the parameters of the 
models specified in Chapter 3. To estimate the coefficients 
of the derived input demand equations corresponding to the 
translog function, input cost shares, price indexes for the 
various inputs, and indexes of all output and of crops and 
livestock separately are needed. In the first part of this 
chapter, data classifications and definitions are given. The 
construction of the various indexes is then outlined. In the 
last part of this chapter, the resulting indexes and cost 
shares for Canada and Western Canada are presented and 


briefly discussed. 


A. The Cost Data 

Farm inputs can be broadly divided into the two 
categories of labour and nonlabour inputs. The latter can be 
further divided into durable and nondurable inputs. 
Nondurable inputs are also termed intermediate inputs, 
materials, or purchased inputs and include fertilizer, 
direct energy inputs, and seeds and feeds. The main 
characteristic of nondurable inputs is that these can be 
used only once. Thus, the unit cost of an intermediate input 
is equal to the unit price the farmer pays for it. 

Durable inputs, on the other hand, are not used up 


after one use. This category includes land, buildings, and 
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machinery. Durable inputs are treated as stocks which 
generate flows of services over time. Two costs are 
attributable to these inputs when expenditures on them are 
computed. One is opportunity cost, i.e., the return that is 
forgone by investing in these inputs, and the other is 
depreciation which can be viewed as that part of the durable 
input which "wears out" as it is used during a period of 
time.' It is customary to attach no depreciation to land 
while in the case of machinery, both depreciation and 
Copemuunnty costecan bevattpabuted? inithis study, total 
cost is defined as the sum of farm operating expenses 
(actual and imputed) and depreciation allowances. The 
measures of total cost and cost shares are constructed, with 
necessary modifications, from published and unpublished data 
from Statistics Canada and Agriculture Canada. The nature of 
modificiations and imputations are clarified below in the 


discussion of the cost of each input. 


Gost ofiLand 

Because of available data on land values and costs, 
this study takes land to also include buildings. The annual 
opportunity cost of land is estimated to be 5 percent of the 
nominal capital value of lamd and buildings. The choice of 5 
percent as the fixed rate of interest which is used in the 


opportunity cost calculations over the entire period is 


‘The issues are discussed by Brown (1978) and Statistics 
Canada (Farm Net Income) and Agriculture Canada. 
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somewhat arbitrary. In applying a 5 percent rate (which is 
arguably close to an appropriate real rate of interest) to 
annual nominal values over time, one generates a series of 
opportunity costs which clearly rise over time but in which 
inflationary impacts are not double-counted. The sum of the 
opportunity cost of land plus real estate taxes falling on 
land and repairs and depreciation on farm buildings, is 
taken to be the total cost of the services provided annually 
by land. These data are obtained from Census of Canada, 
Agriculture (96-800), Quarterly Bulletin of Agricultural 
Statistics (21-003), and Farm Net Income (21-202). 


Cost of Labour 

In Canadian agriculture, hired labour does not 
constitute the major proportion of all farm labour though 
hired labour is increasing in importance as is indicated by 
the increase in the proportional share (in terms of persons 
employed) of hired labour from 16% to around 30% between 
1961 and 1978. Farm Net Income reports only wages paid to 
hired labour. Imputation of costs for unpaid farm labour is 
necessary to recognize the dominant role and opportunity 
costuofrthisusection tof ifarm@abountand to obtainna 
realistic cost share estimate. Cost imputations were made 
using the same wage rates as for hired labour for farm owner 
operators and using 70% of this wage for family workers. The 
use of a lower wage rate for family workers is based on the 


assumption that the marginal productivity of these workers 
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is lower than that of hired labour or owner operators.? Two 
concepts of quantity of labour--persons employed and 
manhours--are used in this study. Since manhours data are 
regarded as a better index of quantity of labour (Brown, 
1878), most of our estimates are obtained using this 
concept. Manhours were multiplied by the appropriate hourly 
wage rate without board to obtain the cost of labour. Data 
sources used were: The Labour Force (71-001); Labour Force, 
Annual Averages(71-529): Farm Net Income(21-202); and Farm 
Wages in Canada (21-002). The manhours data relating to the 
three classes of farm labour for Canada and Western Canada 


were provided by Statistics Canada. 


Cost of Machinery 

The cost of machinery reported in Farm Net Income 
includes depreciation, expenditures on petroleum and diesel 
oi1, machine repairs, and other expenses such as tires, 
antifreeze, and licenses. Since one of the specific 
objectives of this study is to treat energy separately from 
other farm inputs, the Farm Net Income specification is 
modified by exclusion of petroleum and diesel oi] expenses 
which are added to electricity expenses to give the total 
cost of energy. The annual machinery cost is defined as the 
sum of depreciation, repairs, and other expenses plus 5% of 
the nominal capital value of all farm machinery. The latter 


2 See Brown (1978: 58-59) for a discussion of the assertion 
that the productivity of family labour should be regarded as 
lower than that of hired labour. 
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subcomponent is assumed as a measure of the opportunity cost 
of machinery and corresponds to the 54 imputed opportunity 
cost of land. The relevant data are from Farm Net Income and 
the Agriculture Canada publication, Selected Agricultural 


Staviseics. 


Cost of Fertilizer 

Fertilizer costs are defined as the sum of expenses on 
fertilizer and lime. Expenditures on fertilizer and lime as 
given in Farm Net Income are used without any modification 


JONES SLUCY. 


Cost of Energy 

Energy cost is defined as the sum of expenditures on 
petroleum products and electricity. A similar definition has 
been used by Furniss (1978) in his study on energy use in 
Canadian agriculture and by Brown (1978). Expenditure on 
energy as defined above is compiled from various issues of 


Farm Net Income. 


Cost of ‘Other’ Inputs 

The cost of ‘other’ inputs consists of expenditures on 
seeds and feeds. The input ‘other’ is not included in our 
five input model of factor substitution, but it is used in 


the study of productivity in Chapter 6. 
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B. The Construction of Divisia Indexes 

For estimation of the derived demand equations obtained 
from the translog cost function, Divisia price indexes of 
farm inputs are needed (see Chapter 6 for further 
justification). Divisia quantity indexes of farm output as a 
whole and of crops and livestock separately are also needed 
for model extensions involving non-homotheticity and joint 
output. The use of Divisia andexee was briefly explained in 
Chapter 3 and is elaborated further here. 
The Conventional Laspeyres Index Approach 

Statistics Canada indexes of farm input prices as given 
in Farm Input Price Index (62-004) are constructed using the 


Laspeyres formula: 


p(t) = She a (4.1) 


where P(t) is the index for the current period, p(t) and 
pP(0) are the prices for the current and base periods, 
eT RES and Q(0) refers to physical quantity in the 
base period. The index given by (4.1) is a price index and 


can be written as: 
SEp(0) q(0)] Vee, 


The construction of price indexes such as (4.2) requires 
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both current and base period prices but only base period 
quantities. 

It can be seen from both (4.1) and (4.2) that the 
Laspeyres index compares the current value of the base 
period quantities with the base period value of the base 
period quantities. It does not, therefore, take note of the 
way in which different subcomponents change in relative 
importance as a result of substitution. This causes bias in 
the estimated index when the relative importance of the 
subcomponents change over time as they have done in Canadian 
agriculture. In its key publication on farm input prices, 
Farm Input Price Index, Statistics Canada (1980: 6) 
recognizes the shortcoming of the Laspeyres index by saying: 

The FPI are suitable for use wherever a measure of 
movement of farm input prices is needed; from price 
monitoring through analytical studies, econometric 
models, cost escalating for stabilization programs, 
for deflating or inflating current dollar farm 
expenditures. Precaution should, however, be 
exercised when using the indexes. Since the indexes 
assume a constant "basket" of goods, they should not 
be interpreted as a measure of production cost 
movement because of substitution effects and changes 
in productivity which might have taken place since 
1/3 

Despite the limitations of the Laspeyres index, 
Statistics Canada continues to use this for input and output 
indexes. In this study, an alternative set of indexes based 
on the Divisia indexing method, which is not constrained by 


the restrictive assumptions of the Laspeyres method, is 


provided. 
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The Divisia Index 

The Divisia index in its usual form is stated in 
continuous terms. To construct price and quantity indexes 
using yearly data, the following discrete approximation to 


the Divisia index given by Tornqvist (1936) is used: 
log P, - log P,_, = = W.,(log pi, - log Pi te1) (4.3) 


Tog: Q, = "tog?Q eer Ws, (log qi, - log qi t-1) (4.4) 


where P and Q denote price and quantity and i refers to 
output or input subcomponents. The changing importance of 
the subcomponents is embodied in the weights w(it) which are 
the averages of the relative shares in any two adjacent 
periods. Three formulas for averaging--arithmetic, 
geometric, and combined--can be used for wlit).3 Since the 
difference in the indexes obtained by using these different 
weights is usually very small and since it is a general 
practice to use arithmetic averages, this weight is used in 
our calculations. 

The price indexes for the various input categories were 
constructed, as outlined previously, using the following 
subcomponents: land--both improved and unimproved; 


labour--hired, unpaid family, and farm operators; 


3See J. P. Chenier, ed., Time Series Processor, (Edmonton: 
University of Alberta, 1978). 
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machinery--tractors, combines and ploughs: 
fertilizer--mixtures and materials; and energy--petroleum 
products and electricity. Data sources include, in addition 
to those cited above, Farm Implements and Equipment Sales 
(63-203), Fertilizer Trade (46-207), and Refined Petroleum 
Products (42-208). Data sources for output and the 


composition of output indexes are given in Chapter 6. 


C. Cost Shares and Divisia Input Price Indexes 

The shares of the various inputs in total cost {actual 
and imputed) are reported for Canada and Western Canada, 
Respectively, in Jables 4.4 ando4.2. it can®be seen from 
these tables that the share of labour steadily declined 
during the period covered by this study. Despite sharp 
increases in labour compensation, its share in total cost 
fell, partly because of absolute and heavy falls in the 
Quantity of labour used prior to 1973. In Canadian 
aObeClLAleUneem thi Sai Dou lL Const LULeOebe.oMeorlLOobtalecos tau 
1961 while, in 1978, its share had fallen to 36.9%. A 
similar trend was observed in Western Canada, but the 
magnitude of the fall in labour’s share was less (from 46.7% 
Ofmlolajeacos tin 1967) to S65, noo 

The imputed share of land in total cost showed a slight 
though unsystematic increase from 1961 to 1978 at both the 
national and regional levels. Although the price of land 
showed the largest increase, the increase in the quantity of 


land, as expected, was quite moderate. As a result, this 
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Table 4.1: Cost Shares of Farm Inputs for Canada, 


1961—tonlO78-, 
Year Land Labour Machinery Fertilizer Energy 
1961 2073 .5228 me wee 0240 Ore, 
1962 .2254 .4964 .1814 S02 on One o 
1963 eeu 4826 1867 0289 .0700 
1964 2425 4623 . 1924 702335 . 0632 
1965 vepe4 .4353 2043 SOene .0700 
1966 . 2648 44144 22103 0421 . 0683 
1967 L2L5 .4110 2022 0439 0652 
1968 . 2890 2920 ,2058 04714 0664 
1969 was ts' .4007 2s 0341 . 0662 
1970 . 2849 4034 .2143 0332 0692 
1971 . 2449 4303 Yael (OE nOsao .0786 
1972 25044 .4120 ~2H65 . 0366 C787 
1973 203 .4071 PENS) .0418 0787, 
1974 BAS Te) pa053 Wa tehe .0476 C225 
1975 2028 Seo he hice, 2208 US ie a OSE 
1976 28:15 23755 2241 0505 0624 
1977 e222 HO © P2000 0509 0682 


1978 B2043 welele he) .2450 bles) .0683 
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Table 4.2: Cost Shares of Farm Inputs for Western 
Pandda, sucodestorao73s 





Year Land Labour Machinery Fertilizer Energy 
1961 .2106 4672 2194 EES) US Es} 
1962 rane . 4606 2246 OAZT mlbeii/ 
1963 PSS Ps .4487 e225 .0158 50835 
1964 .2439 4234 m2aG2 P0246 20327 
1965 P2090 . 3908 .2426 0241 PUGee. 
1966 Reh SG15 .2487 s0SA8 0799 
1967 pees ovals ae ae rOSoy, ROM AENS 
1968 mo OM . 3369 .2419 .0458 BO so2 
1969 ee Oto 6195 n2203 0224 .0778 
1970 2888 3614 2500 F04'62 .0839 
1971 .2504 2993 WASH 0269 .0896 
1972 2475 3874 12008 APS WP pis} (4 
1973 PAS aS Pos pon 4 SUS20 . 0868 
1974 .2334 Po aG2 a2 Sai, 0447 . 0920 
1975 . 2468 . 3644 #2050 70560 Obie a 
1976 P2136 DOS 2491 .0422 *OGa5 


og Bec ee A . 04393 .0749 
1978 nou W000 2674 .0450 F085 
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PaGtomes *shareminttotals costwdidnotirise that 
significantly. 

The cost shares of machinery and fertilizer both rose 
during this period. In Canada, the share of machinery rose 
from 17734 ein 1964 .to.24 05% in 1978.cin Western Canada, the 
corresponding increase was from 21.9% to 26.7%. These 
figures indicate continuation of increased mechanisation of 
Canadian agriculture from 1961 to 1978. The share of 
fertilizer rose from 2.4% in Canada in 1961 to 5.3% in 1978 
while in Western Canada, the share of this input rose from 
1.1% to 4.5%. Simultaneous increases in the shares of 
machinery and fertilizer suggest the presence of both labour 
and land augmenting technical change in Canadian and Western 
Canadian agriculture. 

The cost share of energy remained nearly unchanged over 
the period considered, fluctuating between 6.8% and 7.8% in 
Canada and 7.3% and 9.1% in Western Canada. The main reason 
why the share of energy did not rise despite increase in the 
quantity of energy consumed was the slow rise in the price 
of energy in relation to the prices of all farm inputs 
except machinery. By way of comparison, a nearly constant or 
slightly falling share of energy was found in several 
studies on U.S. manufacturing industries. 4 

Estimates of Divisia price indexes of land, labour, 
machinery, fertilizer, and energy are presented in Tables 
4.3 and 4.4. The price of land shows the largest increase. 


4See, for example, Berndt and Wood (1975). 






: ; - 
eri Sz Tex mr) >) 5 )o) Ge overt: 2 no 196 
Vilovo ingle’ 


=. pad :  “¥<) vite Lan? 9 SWEET >” peers Peas ont y 


eee yes ae ‘ote ont jebensd a! Seta are. greet | 
7 —— , r ; £4 A@ et CER mh FES eee y 
i BSA 1S’ oor oogese 3100 | | 

ri 2oranr een? 
— | | voit Soisd luge oereatiaa : 
7 ex! TES 4a 
tise at of hely ; 


isieow | Lie we: ‘os! op nengus Grab team 










ears ni | “le. 6 *barind 
\oAc omarion ware *9 asgne Jogm an 7 
ist . . peraclacos Yobeee ent iE 
Sse20¢ 7 l wis sbéanay 
ai a? « ( eat ‘oo bobsypubes Jo sara rh Vee 
ny 2 . ir), woe 2hw betuertiog Yplsaes Fe wIPiGee 


4 pi ri Ta osu lig & i 2 7 at > ere YO 1389 a a | 


7 





"o 4ne2eccs Nivigs: : Se T Ststk YSu vad .yvenitoemn Dosoks 7 
ey 






\eqceved 1) Onc? es yousne ta Siada on itigs v' triers) 












‘ @8'" thon! oohwwoipericen .2.0 po eerie 


Sigh acen ovina re: ) | a 





iy 
-? 


iat 


7 


26 


This is followed by the prices of labour, fertilizer, 
energy, and machinery. These trends were quite similar in 
Canada and in Western Canada. The price trends can be 
divided into two distinct periods. Until 1972, agricultural 
input prices rose very slowly and sometimes unsystematically 
(as in the case of fertilizer) but since 1972, the increases 


in prices have been fast and regular. 


D. Divisia Indexes of Farm Output 

Divisia indexes of farm output for Canada and Western 
Canada are reported in Tables 4.5 and 4.6. In Canada, the 
index of crop production increased relative to the base year 
Offnc/seTrom 0-487 infs41961 to 42175 in 1978owhiile the index 
of livestock production rose from 0.819 to 1.033 between 
1961 and 1978. In Western Canada, the index of crop output 
increased at a faster rate than in Canada, rising from 0.364 
to 1.264. The index of livestock production rose from 0.856 
to 1.038 between 1961 and 1978. The all output index for 
Western Canada rose from 0.477 in 1961 to 1.223 in 1978. The 
growth rate of output in Western Canada was found to be 
higher (3.27%) than in Canada as a whole (2.01%). More 
detailed discussion of these indexes, including their 
construction and possible biases, in the context of an 
analysis of productivity, is given in Chapter 6. 

The indexes presented in Tables 4.1 to 4.6 provide the 
basis to conduct an integrated study of changing input use 


in Canadian agriculture. Empirical estimates based on these 
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Table 4.3: Divisia Price Indexes of Farm Inputs 
for Canada, 1701 to 74973" 


— 


Year Land Labour Machinery Fertilizer Energy 


1961 .904 624 209 1.004 .856 
1962 core .624 .742 chs) Ape }2)3) 
1963 .618 .648 he 12084 epets 
1964 1704 - O78 . 803 1033 aos 
1965 124 , 697 Oo4 12035 .856 
1966 PTS easy O40 12085 . 868 
1967 .948 .824 ood 1.044 . 866 
1968 1.046 854 So20 12062 yale 
1969 102 pees) .948 aoor ebay 
1970 AO he aee| POF2 7466 . 968 
174 1.000 1.000 1.000 1.000 1.000 
1972 15404 1.078 af ACRES BROS) 12049 
1973 15209 2205 1.074 1-409 17079 
1974 i O29 1.411 1.206 12653 oe as 
1975 22040 eT 2 1.421 2054 1.418 
S76 Pes Dipl 1.945 166 Ea Vian) ioe 
a Sys 2.484 2.145 1,623 zee, Ways 1.804 
1978 ZL ASIe YS DONE 122 Dales es Shai] 
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Table 4.4: Divisia Price Indexes of Farm Inputs 
for Western Canada, 1961 to 1978. 








Year Land Labour Machinery Fertilizer Energy 
1961 le .619 .693 1.043 092 
1962 pepe .643 26 oor . 888 
1963 “ate di sfolete ae Ae 1-003 094 
1964 se 1665 25 Laibkers: Poo? 
1965 O96 .690 1028 1.024 B84 
1966 ESiie . 743 . 866 1.060 .879 
1967 oo OO . 896 1.034 .897 
1968 hm eae) 7o92 .922 ESOS) 945 
1969 1062 ey S125) 1.089 . 963 
1970 1.046 952 .978 .999 .976 
oA yy ONS 1.000 100 1.000 1.000 
1972 th WES) e088 e026 1.068 ub Opie 
1S ees Aree OL ho Obe ry he dhohs 1.076 
1974 1.484 i. 455 aeals ceo On pe dS) 
1975 Ie ooo 1754 patel 1.806 1.394 
1976 eel 2.040 7305 Peres 15.026 
1977 Pi ohehe DoS, eleles Pee, 1.780 
1978 en 2s 2 560 1.804 oe 00 1.891 
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Table 4.5: Divisia Indexes of Agricultural Outputs 
Pon *Canadatwdo64 Tito" 197.8; 


Year Cron Livestock All Output 


1961 .487 . 6419 bag 
1962 .745 “O20 aes 
1962 .861 .848 . 860 
1964 wood Bisieke , 809 
1265 ose oe One 
1966 ghee 924 oe 
1967 a6 .940 . 861 
1968 .874 ee hoes ~oa 0 
1969 20 -954 Ape lele: 
1970 Rote .988 oOae 
1971 1.000 1.000 1,000 
1972 eo 0d 1040 .948 
eT 947 Seeks ooo 
1974 .826 1 O82 .900 
1975 eo) 12036 fishe 
1976 4.013 1.038 a O45 
1977 1.068 1.042 1.044 
1978 a eA seed 1.086 








] 
| sfoantut ‘erates in coveted 
x (eye? 4S} si “6 


Table 4.6: Divisia Indexes of Agricultural Outputs 


Year 


1967 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
i969 
1970 
1971 
1OF2 
1973 
1974 
12715 
1976 
1977 
1978 


1 


Western Canada, 


Crop 


. 364 
.681 
.826 
alee 
non UC 
964 
els 
.842 
ifat 
aOUs 
.000 
moe 
947 
.807 
.981 
te.4 
141 
264 


i641 *tosis7 6. 


Livestock 


hile 
teh 
. 806 
.874 
907 
oasis) S) 
ee 
.940 
ols 
941 
1.000 
70a 
1.004 
ole)! 
sheik 
i0n4 
PSUS) 
1.036 


ALT Output 


/477 
5 hPa 
Oso 
es 
. 846 
7907 
ha 4 
Bees, 
. 809 
842 
1.000 
.934 
.964 
.854 
oe 
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data and using different specifications of the translog cost 


function are presented in Chapter 5. 
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V. FACTOR SUBSTITUTION AND TECHNICAL CHANGE IN CANADIAN AND 
WESTERN CANADIAN AGRICULTURE 


In this chapter, the estimated coefficients of the 
derived demand functions for farm inputs in both Canada and 
Western Canada are presented. The estimates are based on the 
translog cost function. From these, quantitative estimates 
of factor substitution, factor demand, and the nature of 
technical change are derived. A test of the widely used 
value added specification is also presented. 

Rather than providing only one set of estimates, 
several modifications of the translog function are used to 
provide a profile. These modifications involve: (a) a 
homothetic structure which includes time as an argument to 
serve as a proxy for technical change; (b) a homothetic 
joint output model with technical change in which output is 
disaggregated into crops and livestock; (c) a nonhomothetic 
structure which allows a scale factor to influence factor 
substitution; and (d) a nonhomothetic model which also 


incorporates technical change. 


A. Derived Input Demand Functions 

The derived demand functions corresponding to the 
single and joint output translog functions were stated in 
Chapter 3. To recapitulate the main estimating equations, 
the single output derived demand functions from Chapter 3 


are given by: 


62 
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where S(i) is the share of i-th input in total cost. 
The joint output homothetic derived demand equations from 


Chapter 3 can be written as: 


m n 
Sy eeen he oF : "ij In P “ ; fi In Y5 + Ep t (3.8) 


where S(i) is the share of the i-th input in total cost. 
The set of equations (3.5), which is stated in general 
terms, is used to study three production structures as 
mentioned above. The joint output derived demand equations, 
given by (3.8), are used to study only a homothetic 
structure with augmented technical change. The w(ij) 
coefficients in (3.8) correspond to the gamma coefficients 
in the single output derived demand equations (3.5). The 


restrictions which are placed on (3.5) and (3.8) and the 
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method of econometric estimation were discussed in Chapter 
She 

The estimates of the derived demand functions allow 
assessment of the relevance of the translog function 
formulation relative to the Cobb-Douglas formulation. It 
might be recailed that if all input price coefficients are 
set equal to zero, the translog function collapses to the 
Cobb-Douglas function. If the estimated coefficients of 
input prices in the translog formulation are statistically 
significant, the translog function is clearly the preferred 


alternative. 


B. Estimates for Canada 
Homothetic Single Output Model With Technical Change 

The estimated coefficients of the derived demand 
functions for the homothetic single output model which 
incorporates technical change are presented in Table 5.1.’ 
Of the fourteen estimated coefficients of input prices, ? 
twelve are statistically ene hicante The results imply that 
the use of the translog function is justified and preferred 
to the Cobb-Douglas specification. The standard error of the 


estimate (hereafter, SEE) corresponding to each share 
‘Preliminary estimates of the Key indicators of factor 
substitution, factor demand, and the nature of technical 
change in Canadian agriculture using a homothetic single 
output translog cost function based on persons employed 
labour data and no imputation of opportunity cost to 
machinery were presented in Islam and Veeman (1980). 

2The fifteenth coefficient is obtained by using the 
homogeneity restriction. Hence, its t-value is not reported. 
The same procedure was followed by Binswanger (1974). 
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equation appears satisfactory. The R2.estimates range 
between 0.66 and 0.90. Since the energy equation is deleted 
from estimation, no R2 value is reported for this equation 
although it could be calculated indirectly. The smallness of 
the SEE confirm the goodness of fit indicated by the R2 
values. The Durbin-Watson statistics all fall within the 
indeterminate region. 3 

The estimated coefficients of input prices (the gamma 
coefficients), given in Table 5.1, do not have any clear 
economic meaning. These estimates are converted into Allen 
partial elasticities of substitution (AES) and own and cross 
price elasticities of demand (ED) and are reported in Table 
9.2. The AES between any two inputs has important 
implications. It measures the relative ease with which one 
input substitutes for (or complements) another input in the 
production process. The values of AES were obtained from the 
estimated values of the coefficients of input prices and the 
cost shares of the relevant inputs using the following 


relations which were stated in Chapter 3: 
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3This implies that while the hypothesis that there is no 
autocorrelation cannot be rejected, it is not accepted 
either. 
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where sigma(ij) denotes the AES between factors i and j. 

As Table 5.2 indicates, substitutability relationships 
were found for the following pairs of inputs: land-labour; 
land-machinery; labour-machinery; labour-energy; 
machinery-fertilizer; and machinery-energy. Of these, the 
indicated substitution relationship between machinery and 
energy appears to be debatable on @ priori grounds. 4 
Machinery-energy substitutability in agriculture would imply 
that higher priced energy was associated with an increase 
and not, as @ priori reasoning might suggest, a decrease in 
Capita) Tormation in the form of machinery. Prior to 1973, 
Canadian agriculture was operating in a cheap energy era. 
Even in the mid-1970s, the rise in energy prices does not 
appear to have significantly dampened the use of machinery, 
probably because the substantial and continued rise in the 
price of labour relative to capital (and indeed, relative to 
eneray) has continued to encourage the tendency for 
capital-labour substitution and mechanical innovation and 
adoption. The estimated relationship between all the other 
input pairs appears sensible. The relationship between 
labour and machinery is consistent with the decline in the 
amount of labour and the increased mechanization of Canadian 
agriculture. Substitutability between land and labour and 
between land and machinery are also sensible results which 
are compatible with the observed decrease in the use of 


4In studies of manufacturing sectors, capital-energy 
relationships are not fully resolved (Berndt and White, 
LOIN e 
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labour, moderate increase in the acreage of land, and 
significant increase in the use of machinery. All these 
pairs were also found to be substitutes by Binswanger ( 1973) 
and Lopez (1980) in their studies of U.S. and Canadian 
agriculture. 

Four pairs of inputs displayed complementarity 
relationships. Complementarity between energy and fertilizer 
is plausible but that between fertilizer and land appears 
counterintuitive. Labour-fertilizer complementarity appears 
to be a common feature of both Canadian and U.S. 
agriculture--a similar result was obtained by Binswanger 
(1973). This result cannot be compared with those of LOpez 
(1980) who did not treat fertilizer separately (and who 
found al] oes Sieemes considered to be substitutes). 

Estimates of own and cross price elasticities of demand 
(ED) are important indicators of responsiveness of demand 
for a particular input to changes in its own price and to 
prices of other inputs. These estimates, reported in Table 


9.3, were obtained using the following relationships: 
(ED); =S.o 


(ED). 3 S. Or (3.12) 


where sigma(ij) is the AES between factors i and j and S(i) 
is the share of the i-th input in total cost. Unlike the 
estimates of AES, the estimates of ED are not symmetric 


unless, by chance, S$(i)=S(j). 
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It can be seen from Table 5.3 that the lowest own price 
ED applies to land. A similar result was obtained for U.S. 
agriculture by Binswanger (1973). Of the other own price 
elasticities, the ED of energy is the highest followed by 
that of machinery, fertilizer, labour, and land. Among the 
cross price elasticities, the highest positive value is 
between energy and labour and the iargest negative value is 
between fertilizer and labour. 

An attempt to incorporate technical change in the model 
was made by including time directly as an argument in the 
cost function. Some inferences as to the nature of technical 
change can be made by examining the estimated coefficients 
of this variable from the share equations given in Table 
5.1. All four of the estimated coefficients relating to time 
are significant. These coefficients are negative for land 
and labour (implying that technical change has been both 
land- and labour-saving) and positive for machinery and 
fertilizer (implying machinery- and fertilizer-using 
technological change). The coefficient of time in the energy 
equation, obtained by using the restriction that the sum of 
the coefficients of time is zero, is positive but very 
small. This indicates a weak energy-using bias. These 
general results are consistent with @ priori reasoning and 
with the observation that land and labour have registered 
the largest price increases of these five inputs during the 
1961 to 1978 period. The positive time coefficients in both 


the machinery and fertilizer equations imply that technical 
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change in Canadian agriculture has been both labour- and 
land-augmenting rather than being only labour-augmenting as 
Furtan and Lee (1977) argued was the case for the 
Saskatchewan wheat economy. 

The translog function reduces to the Cobb-Douglas (CD) 
Function when the gamma coefficients are all set equal to 
zero. The CD estimates of own and cross price elasticities 
are reported in Table 5.4. There are no estimates of AES 
since, by definition, these are equal to unity for the CD 
specification. 

It can be seen from Table 5.4 that the CD estimates of 
own price ED of land and fertilizer are appreciably higher 
than those obtained using the translog function. The cross 
price ED indicate the more restrictive features of the CD 
Specification! First, since the CD function restricts the 
value of AES to +1, there is no possibility of 
complementarity relations between inputs. Second, because 
the elasticity of substitution is the same (equal to one) 
rOuwdigepains Ob stnputs.. ail iecross price sD of  thevinpurs 
with respect to any given input (column values) are the 
same.’ The restricted ES and the biases in the ED for inputs 
suggest that the use of the translog function should be 
preferred over the Cobb-Douglas specification. 

Homothetic Joint Output Model With Technical Change 

The estimated coefficients of the derived demand 

functions corresponding to the joint output model which uses 


two distinct output classifications of crops and livestock 
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ahespeponted in wlablews.o, save the joint-output feature, 
the model is otherwise similar to the previous single output 
model and also incorporates time as a proxy for technical 
change. Twelve of the fourteen estimated coefficients of 
input prices are significant. The values of R2 range from 
0.74 to 0.94. The values of SEE are again found to be very 
low. The D-W statistics value range from 0.97 to 1.72. 

The estimated values of AES and ED are presented in 
fablesmo.6 dbd o./s=schuliny of (thesAES values shows that of 
the ten pairs of farm inputs, four are complements while the 
rest are substitutes. The nature of the substitutability and 
complementarity relationships between various inputs are 
very similar in the two models (homothetic single and 
homothetic joint) though the magnitudes differ. 

The estimates of own and cross price elasticities (ED), 
given in Table 5.7, show some differences from the single 
output model. The joint output model gave higher estimates 
of ED for land and labour, and lower estimate for machinery, 
fertilizer, and energy. 

The nature of technical change may again be inferred 
from the coefficient on time in the derived demand 
equations. As in the single output model, negative 
coefficients on time in the land and labour equations imply 
that technical change has been land- and labour-saving. The 
time coefficients in both the machinery and fertilizer share 
equations are positive suggesting the presence of both land- 


and labour-augmenting technical change. The time coefficient 
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in the energy equation is found to be negative but small. 
This implies a mild energy-saving bias. 
Nonhomothetic Single Output Model Without Technical Change 

The estimates presented above are based on a homothetic 
structure which does not take into account possible scale 
effects. As mentioned in Chapter 3, a nonhomothetic 
structure can be adopted by dropping the restriction that 
each coefficient of output is equal to zero. When this is 
done, input demand becomes a function of both input prices 
and the level of output rather than only input prices as in 
the homothetic case. 

Since the study by Lopez (1980) using the generalized 
Leontief cost function for Canadian agriculture suggested 
that estimates of the impact of technical change may be 
sensitive to the specification of a homotheticity 
restriction, this study included two nonhomotheticity model 
variants. In the first, technical change was not expressly 
considered. In the second, technical change was considered, 
as before, by inclusion of time as a variable in the share 
equations. In each variant, the non-homotheticity extension 
was applied only to the single output model. 

The estimated coefficients of the derived demand 
equations which do not include time as an argument are 
presented in Table 5.8. Of the fourteen estimates of 
coefficients of input prices, eleven were found 
statistically significant. The values of R2 for the four 


estimated equations range from 0.85 to 0.95. The estimated 
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coefficients of the output variable show the strength of 
nonhomotheticity. These are all statistically significant. 
This result implies that inclusion of output in the derived 
demand functions for Canadian agriculture is relevant. 
Whether or not its inclusion significantly affects input 
relationships can be seen by examining the revised values of 
PE omc hCard ler. 9eand 5.10. 

The estimates of AES from the nonhomothetic structure 
do differ from those estimates when the homotheticity 
constraint is invoked. Changes in the nature of the 
relationships between inputs occurred with land-fertilizer, 
labour-fertilizer, and land-labour pairs. The first two 
pairs were found to have a complementarity relationship in 
the homothetic single output model, but are now observed to 
be substitutes; the estimated coefficients on which these 
calculations are based are, however, insignificant. The last 
pair which displayed substitutability in the single output 
homothetic model now show a complementarity relationship. 
The estimates of ED are given in Table 5.10. The highest 
absolute value applies to machinery, followed by energy, 
fertilizer, labour, and land. 

Nonhomothetic Single Output Model With Technical Change 

The estimates of the derived demand functions of the 
translog model which incorporates both nonhomotheticity and 
augmented technical change are reported in Table 5.11. Of 
the fourteen estimated price coefficients of input prices, 


all but two (machinery in the land equation and fertilizer 
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in the labour equation) are statistically significant. The 
values of R* are quite high and range between 0.77 and 0.94. 

The calculated AES are presented in Table 5.12. The 
relationships are quite similar to those observed in the 
homothetic singie output model. An important exception is 
the labour-fertilizer relationship which appeared to be one 
of complementarity in the homothetic case and now appears to 
be a substitute relationship. However, this latter 
relationship is derived from a statistically nonsignificant 
coefficient on the relevant input prices. The estimates of 
ED, given in Table 5.13, show that the value of ED for 
energy is the highest followed by those for machinery, 
labour, and land. The value of ED of fertilizer was observed 
to be positive. § 

The coefficients on the explanatory variable, output, 
which reflects the nonhomothetic structure, are found to be 
Significantly different from zero in each equation. The 
estimated coefficients on the time variable are also 
Significant in each of the four estimated share equations. 
The signs on the time coefficients in the land and labour 
equations are all negative (implying land- and labour-saving 
technical change) while those in the machinery, fertilizer, 
and energy equations are all positive. These results are 
similar to those for the homothetic structure although the 
magnitudes of the estimated coefficients differ. The results 


5 The occasional empirical estimate of a positive value of 
own price ED of a farm input is not uncommon. See Baanante 
and Sidhu (1980), and Chotigeat (1978). 
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regarding technical change differ from those obtained by 
Lopez (1980). Lopez applied a nonhomothetic generalized 
Beontier function 4with a different inout classification) to 
Canadian agriculture and found that three of the four 
estimated coefficients on time were insignificant. In 
contrast, the significance of the technical change variable 
in this study is in accord with the substantial evidence of 
the existence of (biased or factor-augmenting) technical 


change in Canadian agriculture. 


C. Estimates for Western Canada 

In this section, the empirical results of the preceding 
four model variations are reported for the Western Canadian 
agricultural sector. 

Homothetic Single Output Model With Technical Change 
Estimates of the coefficients of the derived demand 
functions based on a homothetic structure which incorporates 

technical change by the addition of a time variable are 
presented in Table 5.14. A slight decline in the level of 
significance of the coefficients on inputs and time and, 
except in one instance, a decline in the explanatory power 
of the estimated equations are apparent relative to the 
estimates for Canada (Table 5.1). Nonetheless, with respect 
to the signs, size, and significance of the coefficients as 
well as the R? values, the estimates for Western Canada are 


generally comparable with those for Canada. 
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As before, the estimated input price coefficients are 
converted into Allen partial elasticities of substitution 
(AES) and price elasticities of demand (ED). The estimates 
of AES, given in Table 5.15, show that except for the 
land- labour and fertilizer-energy input pairs which 
displayed complementarity, substitutability relationships 
prevailed for other pairs of farm inputs. Of the changes in 
estimates based on significant estimated values of input 
price coefficients from the similar model for Canada 
(homothetic single output), the most striking change is the 
tripling of the magnitude (in absolute value terms) of the 
fertilizer-energy AES. Except for the land-machinery pair, 
the values of AES for all other pairs of farm inputs were 
different from the Cobb-Douglas (CD) specification of 
unitary elasticity of substitution. The rejection of the CD 
specification is a common feature in the results on factor 
substitution in agriculture in Western Canada and Canada. 

The estimated price elasticities of input demand (ED) 
are reported in Table 5.16. The absolute values of all the 
own price elasticities of demand were less than one implying 
relatively inelastic demand for farm inputs. The lowest 
value of own price ED was found for fertilizer in the 
Western Canadian case. The estimates for labour, machinery, 
and energy for Western Canada are slightly less elastic than 
in the case of Canada as a whole. 

The coefficient on time in the derived demand equations 


in Table 5.14 gives an indication of land-using technical 
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change, but the coefficient is small and is not significant. 
The labour-saving bias is again apparent. The estimated 
coefficients on time are positive in the machinery and 
fertilizer share equations implying factor using technical 
change although only the coefficient on time in the 
machinery equation is significant at the five percent level. 
In contrast to the result for Canada (Table 5.1), the 
coefficient on time in the energy equation is now negative 
implying an energy-saving bias in input use in Western 
Canada. 

Cobb-Douglas estimates of own and cross price 
elasticities of demand for Canadian agriculture were 
reported in Table 5.4. Similar estimates for Western Canada 
are presented in Table 5.17. The labour input shows the 
lowest elasticity of demand followed by that of land, 
machinery, energy, and fertilizer. A very similar ranking 
was also obtained for Canada. The CD ranking for Western 
Canada differs from that obtained by using the translog 
function. Since the use of the translog function has been 
empirically vindicated, the CD estimates, bound by the 
unitary elasticity of substitution restriction, are felt to 
be less reliable. 

Homothetic Joint Output Model With Technical Change 

The estimates of the joint output derived demand 
functions are reported in Table 5.18. Seven of the fourteen 
estimated coefficients of input prices were found to be 
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Compared to the estimates of the joint output model for 
Canada, Western Canadian estimates appear weaker. 

The estimates of AES are reported in Table 5.19. There 
are some changes in the magnitudes of AES, but the 
fundamental nature of relationships between various input 
pairs shows little change from the single output homothetic 
model. 

The estimates of ED, reported in Table 5.20, show only 
one change compared to the estimates of the single output 
model. The highest own price elasticity is displayed by 
machinery, followed by that of energy, while in the 
preceding model, their ordering was reversed. 

The evidence on technical change is quite similar from 
both these Western Canadian models. The coefficient on time 
in the land equation is positive but again is found to be 
insignificant. Labour-saving and machinery- and 
fertilizer-using biases are again observed, but the time 
coefficients in these equations all show a very low level of 
significance. The time coefficient in the energy equation, 
obtained indirectly, shows a small energy-saving bias. This 
is a plausible result and could arise due to a lower 
increase in the price of energy compared to increases in the 
prices of other farm inputs and because it may have been 
easier to control] the use of this nondurable input through 


conservation and more efficient use. 
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Nonhomothetic Single Output Model Without Technical Change 

The nonhomothetic form of the translog function was 
also applied to Western Canadian agriculture. As was the 
case for Canada, two nonhomothetic model versions were 
estimated, one without express consideration of technical 
change and the second incorporating time as a variable to 
account for technical change. In both instances, only the 
single output structure was used. 

The estimates of derived input demand equations 
corresponding to the nonhomothetic structure without 
technical change are reported in Table 5.21. Two of the four 
estimated output coefficients are significantly different 
from zero. This implies some presence of nonhomotheticity, 
i.e., the level of output has some influence on the 
estimates of flactor substitution. The extent of 
nonhomotheticity is not as strong in the case of Western 
Canada as it is in Canada for which all four output 
coefficients were found significant. 

From the estimates of derived demand equations it can 
be seen that 12 of the 14 coefficients of imput prices are 
statistically significant. This is a marked increase 
compared to the single output homothetic model for Western 
Canada in which 8 of the 14 estimated coefficients were 
found significant. The R* values range between 0.60 and 
Oe Sag 

The estimates of AES, presented in Table 5.22, show 


some changes relative to the single output homothetic 
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estimates. Complementarity relationships hold for four input 
pairs rather than one as was observed in the homothetic 
case. Of these four pairs, three have statistically 
Significant coefficients on input prices. 

Own and cross price ED are reported in Table 5.23. The 
land input shows the lowest ED followed, in turn, by 
fertilizer, labour, energy, and machinery. All estimates of 
own price ED are less than one. The ranking of own price ED 
bears close similarity to that from each of the previous two 
models. 

Nonhomothetic Single Output Model With Technical Change 

In this section, the estimated coefficients of the 
derived demand functions which allow for nonhomotheticity 
and incorporate time as a proxy for technical change are 
reported. As explained above, this modification enables 
testing of whether (a) input relationships undergo 
significant changes, (b) provision of a technical change 
variable suppresses or absorbs nonhomotheticity, and (c) 
evidence of augmented technical change remains in the 
nonhomothetic structure. 

The estimated coefficients of the derived demand 
functions for this model are presented in Table 5.24. Seven 
of the fourteen estimated coefficients of input prices are 
statistically significant. This is comparable to the 
significance of the coefficients of the first two models but 
is less than in the preceeding nonhomothetic model. The 


values of R*% ranged between 0.62 and 0.83. 
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The estimates of the values of AES are reported in 
Table 5.25. These value show complementarity relationships 
for the input pairs of land-labour, land-energy and 
fertilizer-energy, and substitution relationship for the 
rest. These results show that there is no major change in 
general input relationships compared to the preceeding 
nonhomothetic model though there are changes in the 
magnitudes of the values of AES. The estimates of 
elasticities of demand (ED) are reported in Table 5.26. The 
demand for land is found to be most inelastic followed by 
that for labour, fertilizer, machinery, and energy. 

The estimated coefficients of the derived demand 
equations in Table 5.24 show that two of the four 
coefficients on time are significant at the 5 percent level, 
that is, there is only weak evidence of technical change. 
Tne time coefficient in the land equation is positive but 
very small and insignificant. Labour-saving bias is again 
observed from the negative and significant coefficient on 
time in the labour equation. The time coefficients in both 
the fertilizer and machinery equations are found to be 
positive though the former is nonsignificant. There again 
appears to be a small energy saving bias indicated by the 
negative sign of the derived time coefficient in the energy 
equation. 

The estimates of the derived input demand functions 
show another interesting result. The strength of 


nonhomotheticity, given by the coefficients on output in 
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Table 5.23, appears very weak. None of the coefficients on 
output is significantly different from zero. This result 
differs from the one obtained in the preceding model where 
there was some evidence of nonhomotheticity. It can, 
therefore, be conjectured that the incorporation of 
technical change has either suppressed or absorbed 
nonhomotheticity. We had alluded to such a possibility and 


this empirical result provides an example of this. 


D. Changes in Input Relations 

The trend in farm input prices in Canada and Western 
Canada over the past two decades can be divided into two 
different periods. From 1961 until the early 1970s, the rise 
in farm input prices was relatively slow. During the 
subsequent period from the early 1970s there were rapid 
increases in farm input prices and the ’energy crisis’ 
became evident. In this section, the relationship between 
the various inputs is assessed over the periods of i961 to 
1970 and of 1971 to 1978. Input relationships are also 
estimated over the periods from 1961 to 1973 and from 1974 
to 1978. The splitting of the entire time period in this 
manner enables study of the impact of inflation and of the 
‘energy crisis’ on agriculture, and enables examination of 
whether capital-labour (i.e., machinery-labour) substitution 
relationships have changed in the more recent period. 

The input relationships are examined by considering the 


signs and magnitudes of the translog estimates of AES. The 
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AES estimates for different periods for Canadian and Western 
Canadian agriculture are presented in Tables 5.27 and 5.28, 
respectively. It can be seen from both these tables that the 
signs of the estimates are consistent between each period. 

The absolute values of the AES estimates for Canadian 
agriculture over the period 1971 to 1978 show some decline 
from those for 1961 to 1970 for all input pairs except for 
labour-machinery and labour-energy. In agriculture, 
machinery-labour substitutability may be regarded as the 
analog of capital-labour substitutability. The estimates of 
AES for labour and machinery show no evidence of a decline 
in machinery-labour substitutability in the period of rising 
energy prices. 

The signs of the estimates for the subperiod 1961 to - 
1973 and the subperiod 1974 to 1978 are also found to be 
consistent. The estimates for 1974 to 1978 show some decline 
from those for the preceeding period of 1961 to 1973 for all 
input pairs except land-machinery, land-energy, and 
labour-energy. The extent of labour-machinery substitution 
shows a very smal! decline occurring over the later period. 

The estimates for Western Canadian agriculture also 
show consistency in signs of AES between earlier and later 
periods. hiverot the ten estimatessor  thesabsoluvesvaluessot 
the AES for 1971 to 1978 show a decline compared to the 
estimates for 1961 to 1970. The AES between labour and 
machinery increases from .0553 to .0754. The evidence for 
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estimates for the labour-machinery pair show a smal] 
increase in the magnitude of the AES for 1974 to 1978 
Compa nedmLOn 9 Od tOusGis,. 

The estimates of AES between labour and machinery, from 
statistically significant input price coefficients, for both 
Canadian and Western Canadian agriculture over the period 
1974 to 1978 indicate no perceptible decline. This result 
should not be interpreted that the “energy crisis’ did not 
have any impact on labour-machinery substitution, because in 
reality energy prices relative to most farm inputs did not 
increase prior to 1978. In future, as the price of energy 
relative to other farm input prices rises, whether 
machinery- labour substitution will be retarded remains an 


open question. 


E. A Test of the Value Added Specification 

The value added specification has been widely used in 
the analysis of factor substitution tn production. The 
specification implies separability between primary and 
nonprimary inputs. The production function is often written 
as: Y = Rik, Lb), where Y is output, K is capital and 1 is 
labour. In this widely used specification, output is shown 
to be a function of only the primary inputs of capital and 
labour. Intermediate inputs (also known as materials or 
purchased inputs) are excluded. Accordingly, any 
substitution possibilities between capital and labour are 


considered ignoring the material inputs. This is done under 


mean’ veer seh ‘ode! fegwied 234 Yo. estantiee eat 


hiee? 167 |; go} ac Juant Torso! thingie Vifsorvetiare 





ere 2) digiue Jog) ect t osc bey yi eit als 







7 
ea © 4, 
. _ _ , 

‘ify © pole clea yan tpem weds! Sar gee emeeeee 


: ; ee 
21. st? to shu? lagen amit nt peseqeghe 
-£°GT oF TOGt- 0) betgqnog 


if} hashes ielzow boris . in / Dara 7 
e442 . 334 9. df 3qQeo0mMy Of @)eptbak BIB? ee aren 
fot act taf) beteoqvetat ee Jon Bilger 
Joos co teaqn ytn Sven 
wi'oley 4eehi@ voaerns VItiees _ 
1! Yorta eesersaf 
i tg], tatito. OF evi Peres 
-§ “OF yt) Seuge citmel -pietihiggm \ 
“higeup deqe 
a 
ieaiivcdae ott te) str 2: Jeep AAs 
Weare ia es ‘trosde tebba eufew olf 7 
2 


aft) 10 nobus) fedoe-detoe® Se -e hey! ane ame 


4 
FS 
mais 5 ere Pe gy | Gg) ru“Gie als pant [ret 1H 16OF tobe 
BOPT TW Me) Hy 2 , Cf ovbecg.aT 6 7uqet \ylaent SGreri 


a > 2s igfiass. -Qfue 2b.) »Aw LIARS ? ian 7 





detiges WO wiuda!’ yamine et, lap Ve 


104 


the assumption that the nonprimary inputs. bear some specific 
stringent relationship with the primary inputs. In this 
section, some conditions associated with this feature are 
examined to see whether these are satisfied for Canadian and 
Western Canadian agriculture. This enables the assessment of 
whether the inclusion of nonprimary inputs is justified in 
this study which has the five-input structure of land, 
labour, machinery, fertilizer, and energy. 

A detailed discussion of the conditions under which it 
TSaVe iid cto regard primary and nonprimary inputs as 
separable (and thus it is valid to consider substitution 
possibilities between such primary inputs as land, labour, 
and machinery, ignoring the intermediate inputs of, say, 
energy and fertilizer) is available in Berndt and Wood 
(1975). The conditions which are testable using the 


empirical estimates of AES can be stated as: 
= ] (Sealy 
PEL CEM 


R52) 


where N, L, M, F, and E refer to land, labour, machinery, 
fertilizer, and energy. According to (5.1), separability 


requires that the AES between fertilizer and the primary 
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inputs of land, labour and machinery are all equal to unity. 
Conditions (5.2) imply that similar conditions must also 
hold for the intermediate input of energy and for all 
primary inputs. These stringent conditions are clearly not 
satisfied by the estimates of AES obtained in this study. 
For example, with the estimates of the single output 
homothetic model for Canada (from Table 5.2)inserted in 
lobe Ti beaten AUS a 


44 


BIN10 Ge CO 4seee eno 41 
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(Dero) 
The corresponding figures for Western Canada (from Table 


5.15) are: 


(5.4) 
It appears by inspection that the exclusion of 
intermediate inputs on the grounds of separability would not 
have been justified for the production structures of 


Canadian and Western Canadian agriculture. 
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F. Concavity, Positivity, and the Predictive Power of the 
Models 

In this section, the well-behavedness of the translog 
models and their predictive performance are examined. A cost 
Function is regarded as well-behaved if it is concave in 
input prices and if the estimated demand functions 
corresponding to it are strictly positive. Concavity is 
satisfied if the matrix of AES is negative semidefinite. 
This is tested by deriving and examining the characteristic 
roots of the AES matrix. Monotonicity is satisfied if the 
dependent variables {in this case, the cost shares) are all 
positive (Binswanger, 1974; Berndt and Wood, 1975). 

The test for concavity relates to whether the estimates 
anemstablem lack orestabinity could®imply significant 
structural changes and switches of techniques 
(Chotigeat,1978). In this study, concavity was satisfied for 
the homothetic single output and nonhomothetic single output 
models (without technical change) for Canada, and for the 
nonhomothetic model with technical change for Western 
Canada. The other model variations narrowly failed to 
satisfy the criterion of concavity. The potential problem of 
instability which is implied by the lack of concavity is not 
uncommon in flexible form studies on agriculture and was 
encountered by Chotigeat (1978) in his study of factor 
Sensi) GUE ON tin hdde aGmi culture seabdempo in Giitehy bysoq dh 
and Baanante (1980). The period covered in this study was 


marked by major changes in the structure of input use in 
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Canadian agriculture and this could be responsible for the 
non-satisfaction of concavity which was encountered in some 
model variations. 

Positivity can be studied by considering the signs of 
the predicted dependent variables. On the basis of the 
estimates obtained by using the constrained seemingly 
unrelated regression technique, all the estimated shares 
were found to be positive in all model variations for both 
Canada and Western Canada. Hence, the requirements for 
positivity, also Known as monotonicity, were satisfied. 

The predictive performance of the models can be 
evaluated by examining the relationship between actual and 
predicted values of the dependent variables. This is 
examined for each year during the period covered by this 
study. The predicted and actual values of the dependent 
variables in ali four of the estimated equations were found 
to be quite close. The values of R* between the actual and 
the predicted cost shares for the inputs of land, labour, 
machinery, and fertlizer for all four model variations for 
Canada and Western Canada are given in Tables 5.29 and 5.30. 
Since the energy equation is deleted from estimation, values 
for this variable are not reported. In general, the values 
of R2 are higher for Canada than for Western Canada. These 
values of R2 indicate that the performance of the various 


model specifications used in this study is reasonable. 
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G. Summary 


The major empirical results of this chapter are 


summarized below: 


de. 


There is a considerable amount of factor substitution 
(and, in some cases, complementarity) in both Canadian 
and Western Canadian agriculture. 

Empirical estimates of factor substitution in terms of 
AES overwhelmingly reject both the Leontief (zero 
elasticity of substitution) and Cobb-Douglas (unitary 
elasticity of substitution) specifications. 

Own price elasticities of demand were mostly found to be 
less than unity which implies an inelastic demand for 
farm inputs. 

There is strong evidence of augmented technical change 
in both Canadian and Western Canadian agriculture. An 
interesting feature is the simultaneous presence of both 
land- and labour-augmenting technical change. 
Nonhomotheticity appears to be present in the production 
structure of both Canadian and Western Canadian 
agriculture. The extent of nonhomotheticity was found to 
be greater in Canadian than in Western Canadian 
agriculture. 

Evidence of augmented technical change was found for 
both the homothetic and the nonhomothetic models. 

The value added specification was clearly rejected on 
the evidence of the estimated AES values. 


The relationships among inputs remained stable during 
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the periods 1961 to 1970 and 1971 to 1978. These also 
remained stable for the periods 1961 to 1973 and 1974 to 
1978. There were some slight changes in the magnitudes 
of the AES values. 

There was no clear evidence of a decline in 
machinery-labour substitution in the periods mentioned 
above of which the most recent periods in the 1970s 
included the so-called ‘energy crisis’. On the contrary, 
there was evidence of an increase in machinery- labour 
substitution in Western Canada. 

Statistically, the models performed fairly well. In 
general, the performance was better for Canada as a 
whole than for Western Canada. 

The test for concavity indicated the presence of some 
instability in the estimates obtained. This could 
perhaps be due to major changes in the use of various 
inputs in Canadian agriculture. The test of positivity 
(monotonicity) was satisfied for all model variations. 
The predictive power of the models was found to be 
reasonably satisfactory as indicated by the 


relationships between actual and predicted cost shares. 
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VI. PRODUCTIVITY CHANGE IN CANADIAN AGRICULTURE 


Recent research developments in the study of 
productivity measurement (Christensen, 1975; Diewert, 1976; 
Brown, 1978) have emphasized two things: the superiority of 
total factor productivity (TFP) indexes and the use of 
flexible weight indexing procedures. Despite these 
developments and some work in these directions on the 
agricultural sectors of the U.S.A., Australia, and some 
Asian countries, existing research work on Canadian 
agriculture has not incorporated both these approaches 
simultaneously. In this chapter, an attempt is made to fill 
this gap by providing TFP indexes based on flexible weight 
indexing procedures for the Canadian agricultural sector. 
Besides TFP indexes, indexes of partial factor productivity 
(PFP) are also provided to examine the adequacy of this 
approach. The development of improved measures of 
productivity growth in Canadian Pera taitane is needed to 
show whether, in fact, productivity growth has declined or 


approached zero during the 1970s. 


A. Partial and Total Factor Productivity 

Productivity measures can be divided into two 
categories--partial and total. Partial factor productivity 
(PFP) is defined as the ratio of output to a particular 


input and includes such frequently used measures as output 
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per acre (yield) and output per unit of labour. Total factor 
productivity, on the other hand, is defined as the ratio of 
output to all inputs. The latter measure has become popular 
in recent years and is a better indicator of physical (or 
technical) efficiency gains in production. 

Although PFP measures are widely used, these have 
several limitations. PFP measures which apply to a 
particular input may not adequately represent the extent of 
productivity growth. In Canadian agriculture, for example, 
PFP with respect to labour increased appreciably during the 
period 1961 to 1978. This is due to the fact that the amount 
of farm jabour and the number of hours worked have declined 
whereas various crop outputs and total agricultural output 
have increased considerably. It is, however, misleading to 
attribute increases in output solely to labour since this 
ignores the contribution of the increasing use of other 
inputs in the production process. While productivity in 
terms of output per unit of labour shows significant 
increases, evidence of much slower growth in productivity is 
likely when the TFP approach is adopted. In Canadian 
agriculture, the increase in labour productivity which has 
been associated with the decline in labour input has also 
been associated with increases in other factors--that is, 
labour has been replaced by capital and purchased inputs 
(materials). Similarly, output per unit of land (yield) 
measures can be misleading indicators of productivity growth 


since they implicitly ignore the role of improved methods of 
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cultivation (through the use of machinery and through the 
use of better seeds, fertilizer, and other chemical inputs). 
The degree of factor substitution and the relative weights 
and costs of various inputs over time are thus very 
important questions, but these are precisely the questions 
which tend to be passed over through the use of partial 
productivity measures and Laspeyres indexing procedures. In 
particular, it is necessary to consider all inputs to 


generate a realistic measure of productivity growth. 


B. Economic Theory of Productivity Measurement 

There are two basic types of indexing procedures 
‘available for constructing indexes of output and inputs 
whose ratio gives the index of productivity. The first of 
these is the fixed weight approach to which belongs the 
Laspeyres and Paasche indexes, while the second is the 
Flexible weight approach of which the Divisia index and its 
discrete Tornqvist approximation are the most well Known. 
These two indexing procedures and the question of 
measurement of the input labour are discussed below. 
The Laspeyres or Fixed Weight Approach 

The Laspeyres index is widely used and is the indexing 
formula generally used by Statistics Canada. The Laspeyres 


quantity index can be written as: 
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(6.1) 


where Q(t) is the quantity index in period t, q's and p's 
are item quantities and prices, and 0 and t refer to base 
and current year, respectively. Equation (6.1) can be 


rewritten in the following way: 


ELq(t)/q(0)] p(0)q(0) 
rLp(0)q(0)] 


It can be seen from (6.1) and (6.2) that since price is held 
fixed at the base period level, only quantity data for 
subsequent years are necessary for the construction of the 
index. Because of this, empirical implementation of the 
Laspeyres index becomes greatly simplified. 

Despite its wide use, the Laspeyres index has several 
Tare ene The Laspeyres index implies a linear production 
function (Christensen, 1975). This, in turn, implies that 
all factors are perfect substitutes. The Laspeyres index is 
also sensitive to the choice of a base period. In Canada, as 
elsewhere, agricultural production and prices are 
characterized by wide ranging fluctuations. In such 


circumstances, the choice of a particular year or period as 
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the fixed base of the index may give a misleading picture of 
the extent of change in later years. 
The Divisia or Flexible Weight Approach 

The Divisia indexing procedure provides a solution to 
the above problems. Proposed by Divisia (1926), it involves 
a flexible weight method. The continuous version of the 


Divisia index can be written as: 


Q(t)/Q(0) = exp {sEw,(t) (4, (t)/a,(t) )]} 


where w.(t) = Cp; (t)a;(t) ]/zp5(t)a;(t)] (6.3) 


The foregoing weight, w(t), may be regarded as the share of 
the i-th factor in total cost or the share of the i-th 
output in total value as the case may be. Equation (6.3) is 
given in continuous terms. For empirical implementation, it 
is necessary to use a discrete approximation. The 
approximation which is most widely used was proposed by 
Tornqvist (1936). The Tornqvist approximation to the Divisia 


quantity indexes corresponding to (6.3) is given by: 


log Q, - log 4 = Nee (log bic log qi t-1) (6.4) 


The weights (w) in both price and quantity indexes are the 
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same. A given weight is the arithmetic mean of the shares in 


two adjacent periods and can be written as: 


it 7 V/2Qmag MG gy) S72) 


In (6.5), the weights are flexible over time as shares 
change. 

The Tornqvist approximation to the Divisia index which 
has been chosen for estimation of productivity change is 
consistent with the choice of functional form (trans log) 
which is used for studying factor substitution in Canadian 
agriculture. Various theoretical properties of the Divisia 
index are discussed by Hulten (1973) and technicalities of 
the link between this index and functional forms in 
production are elaborated by Diewert (1976). The economic 
implications of these relationships in relation to the 
Laspeyres index were discussed by Christensen (1975: 911) in 
the following words: 


The basic difference between the Laspeyres and 
Tornqvist (and other superlative) indexes is that 
the Laspeyres index holds prices fixed at their base 
period levels, while the Tornqvist index uses the 
prices from both the base period and the comparison 
period. 

The use of fixed base period prices in the Laspeyres 
index can be interpreted in terms of the linear 
production function. If there is perfect 
substitutability among factors of production, then 
an increase in the relative price of any input would 
cause discontinuation of its use. If a perfect 
substitute is available at a lower price, there is 
no rationale for using a higher priced input. If all 
inputs are used in both the base period and the 
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comparison period, it follows that relative prices 
are the same in both periods. There is no need to 
consider the comparison periods since they are 
unchanged from the base period. 

The limitations of the Laspeyres indexing procedure and 
their implications are clear from the above discussion. In 
contrast to the linear function implied by the Laspeyres 
index, the translog function is free from the restriction of 
perfect or any a priori fixed magnitude of factor 
substitution. The Tornqvist indexing procedure can 
accommodate the flexibility of the translog function. The 
rationale of this link was clarified by Christensen (1975: 
Ogio 2 eethus: 

The translog function does not require inputs to be 
perfect substitutes. If the relative price of an 
input increases, the producer decreases its use 

(substituting other inputs) until all marginal 

productivities are proportional to the new prices. 
Hence, the prices from both periods enter the 
Tornqvist index to represent the marginal 
productivities in both periods. 

This study spans eighteen years during which input 
prices and intensities changed. The Tornaqvist indexing 
procedure which is flexible enough to study changing input 
use when factor substitution is taking place is used to 
analyze these changes. 

The Star-Hall Approximation 

The construction of Divisia indexes requires both price 
and quantity data for each year in the time period. This 
makes their empirical implementation more difficult. An 


alternative method of obtaining productivity growth rates 


using data from two end points of a long period has been 
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proposed by Star and Hall (1976). The Star-Hall index can. be 


written as: 

Y 

se ES oe arena (6.6) 
II 


where A(t) is the rate of change in productivity, Y(t), 
Y(0), x(it), and x(i0) refer to indexes of output and inputs 
in the current and base period respectively, and w(i) is the 
weighted average of the factor shares. The appropriate 


weighted share, w*(i), is given by: 





Waa ae {6.7 ) 


where g(i) is the growth rate of input i and g’(i) is its 
average rate of growth over the period under consideration. 
Star and Hall proposed to approximate the true value of w by 


the arithmetic mean of w at the two end points. Hence, w*(i) 


is given by: 


Ws = 1/2[w.(0) + w,(t)] (6.8) 


where w(0) and w(t) are shares at the beginning and at the 
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end, respectively, of the period. Substituting (6.8) -into | 
(6.6), the following expression for the rate of annual 


change in productivity can be derived: 


Y(t) / Y(0 
n 
1 Dx,(t) / x,(0)] 1/2Ew,(0) + w,(t)] 


i=] 


> 
! 
— 
a 
WO 


The reliability of the Star-Hall measure, therefore, 
depends on the stability of the shares, wl(i). If the shares 
are stable, the average of the two end points will be quite 
close to the weighted average of all values. 

Measurement of the Labour Input 

An important issue in generating productivity estimates 
is proper measurement of the input labour which, on a cost 
share basis, still remains the most important of all farm 
inputs. Traditionally, the persons employed concept has been 
used to measure labour input. This measure cannot adequately 
represent seasonality of employment and may generate an 
overestimate of labour use. A more satisfactory approach, 
iseutel difficult to implement empirically, is to use total 
hours worked data. Although manhours data provided by 
Statistics Canada have some limitations and are more suspect 
to errors than persons employed data, the manhours data are 


used to obtain a new set of estimates of productivity growth 
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because the manhours concept is conceptually superior. ' In 
this study, a set of estimates based on persons employed 

data is also provided for Canada as a whole. All indexes of 
inputs and productivity, except those reported in Tables 6.2 


and 6.3, are based on manhours data. 


C. A Survey of Previous Studies 

This survey of previous studies of agricultural 
productivity measurement is divided into two parts. In the 
Rinse Dare StUdTeS#Oteagnicultural productivity in Canada 
are surveyed. In the second part, some of the studies which 
have used flexible weight indexing procedures in the 
measurement of agricultural productivity are summarized. 

In its key publication on productivity, Aggregate 
Productivity Measures (14-201),2 Statistics Canada provides 
only a partial productivity index with respect to labour. In 
Justifying this approach, Statistics Canada 14979: 17) says: 

In a general sense, a productivity index is a 
measure of the change in efficiency of an economy in 
combining resources to provide its output. Ideally, 
all resources should be counted as inputs. At the 
present stage of development, only labour inputs can 
be measured. 

It appears that the difficulties encountered by by 
Statistics Canada in considering inputs other than labour 


and constructing TFP indexes refer to the problems of 


collecting and manipulating data for all sectors of the 


1See Brown(1978) for a good discussion of this point. 
2 The number in parentheses indicates the Statistics Canada 
catalogue number. 
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economy. In previous studies of Canadian agriculture 
(Furniss, 1970; Shute, 1975), however, inputs other than 
labour have been considered in constructing TFP indexes. 
In Aggregate Productivity Measures (14-201), 
productivity is defined as the ratio of indexes of real 


output and labour input: 


) 
AL(t) = eRuTNa ee (6.10) 


where AL(t) is the index of labour productivity and Q and L 
are constant price output and volume of labour input 
(persons employed or manhours), respectively. The subscripts 
0 and t refer to base and current years. 

The concept of real domestic product used in (6.10) is 
the same as that in Indexes of Real Domestic Product by 
Industry (61-506). In that publication, a Laspeyres fixed 
weight index is used to construct aggregate output indexes. 
Since this measure is used for the numerator (Q) in (6.10) 
above, this form of measure presumably is used in obtaining 
the index of labour input (L). It seems evident, then, that 
the method of productivity measurement adopted by Statistics 


Canada incorporates neither total factor productivity 
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aproaches nor flexible weight indexing methods. 

Recent productivity studies on Canadian Sqriei ture 
include those by Furniss (1970), Shute (1975), and Auer 
(1969).3 Of these, the first two authors adopted a TFP 
approach, whereas the last author considered partial 
productivity with respect to labour. 

One of the early studies of total factor productivity 
in Canadian agriculture was conducted by Furniss (1970). He 
found evidence of considerable productivity growth in 
Canadian agriculture during the period considered. This 
study concluded that TFP in Canadian agriculture increased 
by 2.0 percent per year during the period 1949 to 1969 and 
by 2.5 percent per year between 1959 and 1969. 

Shute (1975) updated Furniss’ work in her study of 
agricultural productivity in Canada and in its different 
regions. She reported an annual growth rate of productivity 
of 0.86 percent for Canadian agriculture and of 1.17 percent 
in the prairies for the period 1961 to 1974. When the year 
1961--a drought year in the prairies--was excluded, the 
Canadian productivity growth rate fell to 0.07 percent, 
while the prairie growth rate was estimated to be negative 
(-0.35 percent). This is a clear example of the sensitivity 
of productivity growth rate estimates to the inclusion or 


exclusion of a year of poor weather. 


3 In an earlier work, Lok (1961) studied productivity change 
in Canadian agriculture for the period 1926 to 1957. 
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Shute used a simple method of constructing indexes. She 
defined productivity as the ratio of price deflated output 
and price deflated inputs. Although she used a very simple 
framework of analysis, Shute (1975: 1) emphasized the need 
for adopting a TFP approach by saying: 

The fact that output per unit of labour input has 
increased continually since 1961 is of no 
satisfaction if the increased capital inputs 
required to offset the labor loss over-ride the 
importance of the increased output. 

Auer (1969) studied the productivity of labour using a 
PFP approach. He found that the partial productivity of 
labour in Canadian agriculture increased at the yearly rate 
of 5.5 percent for the period 1947 to 1965. This is 
comparable to our estimate of an annual growth rate of 
productivity tof labour “of 4.61 ‘percentsforsthe Jater period 
1964 yous 78 . 

Recent studies which have used the Divisia indexing 
method to study agricultural productivity include those of 
Lee and Chen (1978) on Taiwan, Brown (1978) on the United 
States, and Lawrence and McKay (1980) on Australia. 

Lee and Chen (1978) studied productivity growth in 
Taiwan’ s agriculture using both total and partial 
productivity approaches. The computational procedure used in 
applying the Tornqvist approximation to the Divisia index is 
slightly different from the method now in use. As well, the 
shares used by Lee and Chen are five year averages rather 


than the more fully flexible schemes now in use as indicated 


above in equations (6.4) and (6.5). 
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In his doctoral dissertation, Brown (1978) conducted an 
extensive study of productivity in U.S. agriculture using 
the TFP approach. Applying the Tornqvist index of the type 
given in (6.4), he obtained an annual rate of productivity 
growth of 1.15 percent which was the difference between the 
growth rate in output (1.79 percent) and inputs (0.64 
percent) for the period 1947 to 1974. When he divided the 
period into two parts, he obtained a growth rate of 
productivity of 1.98 percent for 1947 to 1960 and 0.39 
percent for 1960 to 1974. Brown also applied the Star-Hall 
index of equation (6.9). Using data for the two end points 
only (1947 and 1974), he derived a growth rate of 
productivity of 1.14 percent which was nearly identical to 
the growth rate of 1.15 percent obtained by using data for 
all years. 

In a recently published paper, Lawrence and McKay 
(1980) examined productivity changes in the Australian sheep 
industry. This is a fairly disaggregated study which used 
both TFP and PFP approaches. The TFP growth rate was 2.9 
percent per year between the years 1952-1953 and 1976-1977. 
This was the difference between the annual growth rate in 
output (4.4 percent) and the annual growth rate in inputs 
(1.5 percent). The authors also provided estimates of the 
terms of trade, defined as the ratio of prices received and 
prices paid by the sheep industry, and estimates of a 
retUrnst)to cosistratio, definedsasmithesindex joreGaesratao of; 


value of output to the value of inputs. They found that the 
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returns to costs ratio deciined by 1.2 percent yearly during 
the period of their study. Both these estimates suggested 
that the producers in the sheep industry in Australia were 
deprived of a large portion of the benefits of productivity 


gain. 


D. Estimates for Canada 

The estimates of indexes of aggregate output and 
aggregate input as well as indexes of total and partial 
factor productivity for Canada are reported below. In order 
Tomobteinean index of TEP, it 1s necessary first to 
construct quantity indexes of output and all inputs. The 
output and input indexes are constructed using the Tornaqvist 
approximation to the Divisia index as given in equation 
(6.4) and using the arithmetic average of the shares in two 
adjacent periods. 
Indexes of Output, Inputs, and Productivity 

The quantity index of all agricultural output was 
derived 2p Bares aggregate crop and livestock indexes. 
Twelve principal crops were considered in constructing the 
aggregate crop index.* These were: wheat, oats, barley, rye, 
mixed grain, corn for grain, flax seed, soybeans, mustard 
seed, rape seed, potatoes, and tame hay. 

Price and quantity data for these crops were obtained 
from several Statistics Canada sources including Handbook of 


Athi smalisteot principal chopsSwismuhessame aS the one usea in 
Agriculture Canada publication Selected Agricultural 
StamisG@ics. 
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Agricultural Statistics (21-516), Quarterly Bulletin of 
Agricultural Statistics (21-003), Field Crop Reporting 
Series (22-003), and the Agriculture Canada publication, 
Selected Agricultural Statistics for Canada (1980). Some of 
the data were also retrieved from CANSIM which is the 
computerized data bank of Statistics Canada. 
The Divisia quantity index for all crops with base year 
1971 is presented in column 1 of Table 6.1. This and the 
other indexes are reported for the period 1961 to 1978. 
Following Pesek (1961), Griffin (1974), and Veeman (1975), 
annual growth rates were computed from yearly values of the 


index by fitting the following trend line by regression: 


In G(t) = at+bt+t+u (6.11) 


where G(t) refers to the variable under consideration, and t 
and u denote time and stochastic error term, respectively. 
In this formulation, the compound growth rate is derived as 
the antilog of the estimated coefficient on time minus one. 
The all crop index shows an annual growth rate of 2.69 
percent for the period 1961 to 1978. As can be seen from 
Table 6.1, crop production is characterized by wide ranging 
fluctuations with below normal years such as 1961, 1967, and 
1974, and above normal years such as 1962, 1966, 1971, and 
1978. When the year 1961 is excluded, the annual growth rate 


associated with the crop index falls to 1.87 percent. The 
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quantity index of livestock production, given in column 2 of 
Table 6.1, is composed of seven items. These are: cattle and 
calves, sheep and lambs, pigs, chicken and fowl, turkeys, 
eggs, and dairy. Livestock production data were collected 
from the Statistics Canada sources Handbook of Agricultural 
Statistics (21-516), Livestock and Animal Product Statistics 
(23-202). Agriculture Canada publications, Se/ected 
Agricultural Statistics for Canada and Livestock and Market 
Review, were also used. 

Livestock production grew at a slower rate than crop 
production, increasing by 1.42 percent per year over the 
period 1961 to 1978. Compared to crop production, 
fluctuations in livestock production were more limited. As a 
result, the pattern of fluctuations. in total agricultural 
output was largely determined by fluctuations in crop 
production. 

The index of total agricultural production which is 
reported in the last column of Table 6.1 is constructed by 
combining crop and livestock indexes. The index of 
agricultural output stood at 0.619 in 1961 compared to 1.086 
jpea cy Seeihnis Implied sa crowtherate of 200) percentusper 
year. For the period 1962 to 1978, the growth rates were 
ipe(ooeue 4 dnd 1eo2epercent 1 Ors crops, livestock,and all 
output, respectively. 

The index of farm inputs, reported in Table 6.2, is 
composed of capital, labour, and intermediate inputs 


(purchased inputs or materials). These input categories are 





Le Wal: Oa 7 Seg i Jaubed Moot eevis 1a 







<P 
Wie =: > 73% Seat: wes, Vee To re ‘et 7 a 


be fos o pao) Povbor@ NooteavtJ er fata Dns 1 2Og8.” 
BAL <i i €434ue2e sheasd eo Palki 932 orif Wort 
sotéeavis ,(Ote-Th): eal tehsaee 
G ~~? Jituad 6A  .(SOR-ERs 

4 ete ‘ot solieltet? lest look 7 

OvewW ete S154 , wel vor 7 7 

5 ite ; S . whond Noaalieaveld 7 

‘ A enetont. ,.oltaybartg 

CUP at (300) Ber aee 


=~ 


toot eev'! | at esotisugouls 












if. anol seutou 0 omellaqg stl .?'uass 
id Daniaiatay Visgie!l enw fugue wal 
net PouboRe 

Siri yu) Bret i ie -bee? toa axdbnt orf] 
, Ss suse vion J¢ge! amin sed seed 
ms Gow oni tet ina 
BO0)) 64 Hswanico a ja te Soute Wetus tenet luotige 
9 JAeed 10.8 to @ worn & Babbar eft ,8Tet at 
/ RIM. etian Oey sit 2:7) of ShBt Gebssg anit, 104s 
WeGre Mcisevt) aoc 104 nears 0 i bas 











nid 
6 | 









mi 


0 n 


Table 6.1: Divisia Quantity Indexes of Agricultural 
Output, Camada, 1961 to 1978 {(1971=1.000) 


Year Crops Livestock AEievuteuL 
1961 .487 Ody oud 
1962 745 Boks BES) 
1963 Boon 848 . 860 
1964 sips fog. ro0g 
(iss: Poa2 pa22 Ola 
1966 o2 92) .969 
1967 . 196 940 .861 
1968 .874 (eles cen 
1969 Sens vehed . 938 
1970 OOH acleye, SHES) 
1971 1.000 1.000 1.000 
1972 .901 700 948 
1973 947 .995 ee 
1974 . 826 1 082 .900 
Sie oie)! +2036 .987 
1976 ‘ry! Ses) Up i@ete 12015 
1977 W069 1.042 1.044 
1978 eS) Ose le hele 


Annual Growth Rates(%) 
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Table 6.2: 


Year 


1961 
psi” 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
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Divisia Quantity Indexes of Farm Inputs 
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composed of: capital--land, machinery, and livestock, 
labour--hired, unpaid family workers, and farm operators; 
and materials--fertilizer, energy, seeds, and feeds. Some of 
these components have several subcomponents. For example, 
land consists of improved and unimproved land, and energy is 
the combination of petroleum products and electricity. 

Necessary data for constructing input indexes were 
collected and derived from various Statistics Canada 
publications and CANSIM. The publications consulted included 
Census of Canada, Agriculture, 1976 (96-800); Quarterly 
Bulletin of Agricultural Statistics (21-003); Farm Implement 
and Equipment Sales (63-203); The Labour Force (71-001); 
Labour Force Annual Averages (71-529); Farm Wages in Canada 
(21-002); The Farm Input Price Index (62-004); The 
Fertilizer Trade (46-207): Refined Petroleum Products 
(45-208); and Farm Net Income (21-202). Agriculture Canada 
publications used were: Selected Agricultural Statistics for 
Canada (1980): Market Commentary, Farm Inputs (1979); and 
Fertilizer Statistical Bulletin (1979). 

The andexeot. capital’ rosertrom 02 S66uinsnoGiy to 4.199 
in 1978 while the index of materials increased from 0.653 to 
1.196 over the same period. The index of labour (persons 
empdoyed) feli~from 42335 jn 8964 tos0.9375 1051978 totais 
quite clear that factor substitution took place between the 
labour input and other durable inputs (capital) and 


nondurable inputs (materials). 
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The index of aggregate farm inputs is shown in the last 
column of Table 6.2. This index rose from 0.905 in 1961 to 
tansy in A97%85 Thevoverali growth of Yall inputs over 1961 to 
1978 was 1.00 percent which implies that the fall in the 
labour input was more than offset by growth in the other two 
categories of inputs. 

Total factor productivity (TFP) is defined as the ratio 
of the index of output and the index of all inputs. The TFP 
indexes for Canadian agriculture are reported in Table 6.3. 
The growth rate of TFP over 1961 to 1978 was 1.01 percent 
per year. Growth in productivity is that part of the growth 
in output which is not explained by growth in inputs. This 
is, therefore, the difference between the growth rates of 
output and inputs. For the period 1962 to 1978, the growth 
rate in output was only 1.52 percent. This implies, given 
the input growth rate of 0.98 percent, a TFP growth rate of 
only 0.54 percent. Thus, the exclusion of the drought year 
1961 significantly affects the estimate of the productivity 
growth rate. 

The estimates which follow and all subsequent 
productivity estimates are based on manhours data. Manhours 
data and the hourly wage rate without board were used to 
construct a Divisia index of farm labour which was then 
combined with other inputs to generate a new aggregate input 
index. The new input index is reported in Table 6.4 and the 
resulting productivity index is presented in Table 6.5. The 


estimates show a slower growth rate in the aggregate input 
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Table 6.3: Indexes of Agricultural Output, Inputs, 
and Total Factor Productivity (Using 
Persons Employed Labour Data), Canada, 
1961 to 1978 41971=1.000) 


Year Output Inputs Productivity 
1961 .619 ag05 684 
1962 SEBS) Bg02 864 
1963 . 860 mo2d 928 
1964 .809 990 iahey 
1965 Rodd 959 .908 
1966 .969 962 i007, 
1967 . 861 den 002 stevens 
1968 3910 999 Sat 
1969 938 HS) 943 
1970 a940 993 921 
19714 2000) 1.000 12000 
1972 948 12003 945 
1973 Ce: 1.000 972 
1974 .900 17035 0 sesh 
1975 . 987 13036 Ss 
1976 12015 2063 teleps) 
1977 1.044 107 3 .973 
1978 1-086 fecel al #7. nF? 


Annual Growth Rates({%) 
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Table 6.4: Divisia Quantity Indexes of Farm Inputs 


Year 


1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1974 
A972 
1973 
1974 
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1976 
1oed 
1973 
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Table 6.5: Indexes of Agricultural Output, Inputs, 
and 1 otaleracton Productivity 
(Using Manhours Data), Canada, 
1961 to 1978 (1971=1.000) 





Year Output Inputs PrOocuauivd LY 
1961 .619 ig BEI nOdgl 
1962 779 999 780 
1963 860 Ou 851 
1964 809 One 800 
1965 ees 17000 ete 
1966 969 991 978 
1967 86 1 12025 .840 
1968 910 1.009 .902 
1969 938 1 61s roe 
1970 915 998 HOWE, 
1971 1.000 1.000 1.000 
1972 948 987 . 960 
Tos 972 .991 .981 
1974 900 1.004 .896 
4975 987 1.028 . 960 
1976 153045 1.042 974 
1977 1.044 1.034 em ae 
1978 1 2086 1.067 Pali: 


Annual Growth Rates(%) 
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index than in the aggregate input index based on persons 
employed data. The aggregate input index based on the 
manhours labour concept increased by 0.19 percent per year. 
This implied a productivity growth rate of 1.83 percent per 
year for the period 1961 to 1978. When the drought year 1961 
is excluded, the growth rate in output dropped to 1.52 
percent, the overall input growth rate rose slightly to 0.22 
percent, and the resulting growth rate in productivity was 
jesdapencent: 

The manhours data implied a higher share of labour in 
total input cost than did the persons employed figures used 
for the previous estimates presented in Table 6.3. As a 
result, the absolute and relative fall in labour input had a 
greater impact on the estimated aggregate input index. This 
implied a slower growth in aggregate input which, since the 
output index remained the same, implied a higher growth rate 
in productivity. Given the conceptual superiority of 
manhours data, the estimates presented in Table 6.5 may be 
regarded as more reliable indicators of productivity growth 
in Canadian agriculture. The tradeoff in measuring the 
labour input involves the conceptual superiority of the 
manhours concept against the likely greater empirical 
reliability of persons employed figures. In this study, more 
emphasis is placed on the former aspect. 

Estimates of productivity growth rates are quite 
sensitive to the period covered. This can be seen from 


annual productivity growth rates in percentage terms for 








ac mA 






a 5 
‘ : : 7 wan T 
shwere nO bsesc xsheal NGRP -etegs ous aie int noc? xabat 
a J cont Jute! atege ops ttt Gaieh bewstene 
ioe em Trica a 4 oecee tent toeorteo siedel equednan 


2761 (eweAp vifvi i suo = bot | om eiat mk 


Ti) 






5 ve art). rat ‘Ef of COR? bolteq ett 190% taay 
“ , —— MIT ic’ riiwotw end ,bebul ose eT 
. eit iWWO6eIp. Tin i li e1evo sn} Jogos 
£ Goi. lues? em? Big, 'destag J 

fuss eg ELT 


oarlant -« 2 tuatifes atl 


rier duolverq ath se 


~ 


y bree nt ‘ase ari jliiesn 


725 Celamides of) mG tosqnt sagees 


\) 


Sook of diwdtg cowolee Babies 
Sect Aa Waist Tuto 
“my govid ova ebioobeda at 


winsen | eetamties sil , deb eben 


v 


Tewotg Yd wboug: Ta @tojlea: tiv sldsi lan ee es ase iF, a | 
oN eit wana nt Heosh a7) Su) iuelsg@ nsfbens? ae 
ont. to vVirvoldagde laulgeanos @ff. daviaurl fudc? s»védsl uw 


‘Slam %L ylsuil MO) Ben Page IgeeGe> eqUotigag ee 

> RAUOIERS, 

- : i arid. ei : ry os as 7 the fe 

Vth si.) extuer* ome. emi He al 
—s rs " 








1fOi 4p 





Te 
at 


7 


136 


several subperiods given below: 


(I6Zei ORMPe: «ae ees OT) ee sien 
J 0:2 Stee ae IN fea esse a Aaa 
1D Geer ee mt alte aha eco fe « dio 
NAPS TAS) “any as hs eee ee cae 0.54 
OSI Ties aca, Sear eee 1.14 
Aes Se OMe nr teahe th te fetes ec» 164 


During the earlier sub-periods, productivity growth 
rates in Canada are estimated to be between 1.89 percent and 
2.12 percent per year. In the later sub-periods, the annual 
growth rates were between 0.51 percent and 1.61 percent. 
These estimates indicate a slight slowing of productivity 
growth rates during the later periods though there is no 
indication that these rates approached zero. 

The indexes of output, input, and productivity based on 
persons employed and manhours data are graphically presented 
in Figures 6.1 and 6.2, respectively. Since aggregate input 
use grew very slowly, fluctuations in productivity growth 
were very similar to the fluctuations in aggregate output. 
Until 1974, movements of output and productivity were nearly 
identical. After 1974, output grew at a faster rate than 
productivity apparently as a result of slightly higher 
increases in the aggregate input index. 

Estimates of productivity growth based on the Laspeyres 
index using the same data base were made for Canadian 
agriculture. These are reported in Table 6.6. The Laspeyres 


based growth rates were found to be lower than the 
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Table 6.6: Laspeyres Based Indexes of Agricultural 
OUTDU ae oDpU hs medhoe: Old) shacton 
Productivity, Canada, 

1961 to 1978 (1971=1.000) 








Year Output Inputs Productivity 
1961 .641 yeas nOs 
1962 784 921 a tehe! 
1963 ep 940 .908 
1964 817 elee .858 
1965 874 ele) aca) 
1966 fas 960 5399 
1967 863 1.000 . 863 
1968 911 989 a2 
1969 939 987 sSler 
1970 915 ohh | Soya) 
1971 1.000 1.000 120.00 
1972 Sse 12006 944 
1973 7969 AGEN .958 
1974 ane jon noo 
1975 .235 1.04% sells 
1976 1025 1.066 .961 
1 Srey 12056 ies .984 
1978 Oks sa NS aos 


Annual Growth Rates(%) 


1964-78 ZEUS 0.94 viele 
(362-76 16H Ong5 0.66 
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corresponding Divisia estimates for both the 1961-78 and 
1962-76 periods. 

The Star-Hall method, discussed above, was also used to 
obtain productivity growth rates in Canadian agriculture. 
Using data on two end points (1961 and 1978 or 1962 and 
1978) from Tables 6.1, 6.4, and 6.7, annual productivity 
growth rates of 1.91 and 1.58 percent were obtained for the 
periods of 1961 to 1978 and 1962 to 1978, respectively. The 
Star-Hall growth rates given above are quite close to those 
obtained using data for all years. The differences that 
remain can be explained by examining the weight used in the 
Star-Hall method. In the Star-Hall procedure, an arithmetic 
average of factor shares in the two end points was used. Le 
the factor shares do not change over time, the growth rate 
obtained by the Tornqvist and Star-Hall methods would be 
exactly the same. If the factor shares change, as has been 
the case in Canadian agriculture (indicated in Table Sree 
the Star-Hall growth rate differs from that based on the 
Tornqvist procedure. The difference in growth rates obtained 
by the two methods can, therefore, be explained by the 
fluctuating factor shares in Canadian agriculture. 

The Star-Hall approach can only give an approximate 
annual growth rate in productivity. It does not trace the 
change in productivity in the intervening period. However, 
when data for every year are not available or are too 
expensive to obtain, the Star-Hall approximation can be used 


to obtain a fairly representative estimate of productivity 
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Table 6.7: Shares of Capital, Labour, and Materials 
Ino tal | Coster Cabadian Agricul ture), 
Sioa dey ake vas 


Year rotdleces ti Capital Labour Material 
196 1 S234 05 roe 549 ted: 
1962 S28 5rd 250 1 bag 239 
1963 3424.0 200 494 249 
1964 o5i7ea9 2g 474 253 
1965 3606.4 287 450 263 
1966 3798.4 294 .430 276 
1967 4256.9 307 422 270 
1968 4358.4 326 409 265 
1969 4501.4 Bon 419 200 
1970 4562.0 cheb: 444 256 
1971 AG Ae 304 425 274 
1972 4843.6 S47 405 2a 7 
1973 ay he a 314 yates BOs 
1974 Yet sven 348 ras? one 
Leo 8494.8 S23 Bae Gi) 289 
1976 957 -0m5 361 37.6 262 
PONey, 9986.5 345 5 chlfls 279 
1978 10843.4 58 #366 280 


1Includes both actual and imputed cost, reported 
in millions of current dollars. 
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growth using data from two end points only. 
Partial Factor Productivity 

Partial factor productivity (PFP) is defined as the 
pat1o*oftotal-output=tosthesquantity-of-a-particuilar input. 
In this section, estimates of PFP with respect to three 
broad categories of inputs--labour, capital, and 
materials--are reported. The main objective of this exercise 
is to examine the adequacy of the PFP approach to 
productivity measurement. 

Estimates of the indexes of partial productivity of 
labour, capital, and materials and their annual growth rates 
are reported in Table 6.8. The growth rate of labour 
productivity is the highest, rising by 4.81 percent during 
the period 1961 to 1978. The growth rate of the productivity 
of capital was only 0.69 percent while the growth rate of 
materials productivity was negative (-1.11). 

In Canadian agriculture, the relative and absolute 
decline in the input of labour (at least until the early 
1970s) was more than offset by increases in the quantities 
of other factors. This is clearly seen from the quantity 
indexes of labour, capital, and materials. Labour input 
declined by 2.8 percent per year while capital and materials 
rose by 1.59 and 3.23 percent, respectively. The last two 
categories of inputs were partially responsible for the 
increase in agricultural output abd yet (their partial 
productivities are found either to be very low or negative. 


This result illustrates the inadequacy of PFP measures as 
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Table 6.8: Partial Factor Productivity (PFP) of Labour, 
Capital, and Materials; Canadian Agriculture, 
196140 to 1968 1(1971=4.000)} 


Year Output Lt K1 Mi PFP{L) PFP{K) PFP{M) 
Index Index Index Index 


igod 7019 1.427 . 866 nO. .434 ANS .948 
1962 P78 1 ous .874 .668 7067 .891 120166 
1963 . 860 1.334 siete Los .645 5 ley’ Resi sss 
1964 508 decal 6 2a m! OF .634 .878 1055 
1965 Osa hnaksts! nooo . 801 oe 744 he Olen 
1966 7008 df OM .968 . 865 . 880 000 fe 20 
1967 .861 shane Ages foo gs .864 26 
1968 SOW 1.065 1.014 22 .854 jeheh| shes) 
1969 Looe Pues hues a Shibs) 7Oo4 odd 1 20 
1970 1945 208 BOSS RISD -o46 .884 sshoys. 
Re 1000 JOO Uma) OO ae) Olen. 000 1.000 1.000 
1972 .948 no29 BODO Ba 06Cer 17020 .949 ejeye) 
fois Se Oa eed On 1.056 1.044 .954 noe 
1974 . 900 o40zene OfD>eS taons .948 BOSH .884 
75 vate Od OP ON Oe eC sie eS O ey .968 oe 
1976 1.015 O40) SNS 28.77 084? .4m080 rOGd SoEIS 
AO Tal 1.044 teliiey etre ele WU ee Rays) eke .924 
1978 1.086 ACO Cea | QUERY sal OOGieIe 244 .906 SUS 


Annual Growth Rates(%) 
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1L, K, and M refer to labour, capital, and materials. 
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indicators of overall productivity advance and of the 
relative importance of various factor inputs in the 
production process. An input is not increasingly used over a 
long period if it does not contribute to productivity 
increase. Yet, according to the PFP approach, an input which 
increases most rapidly in use shows the least growth in 
partial productivity. 

Energy inputs are becoming increasingly important in 
Canadian agriculture. The decline in farm labour and the 
tendency for larger farms have been made possible by the 
machinery and other mechanical equipment and facilities for 
both crop and livestock production. This has led to an 
increase in the use of energy as shown in Table 6.9. Energy 
issues in Canadian agriculture have been dealt with by some 
authors ({Furniiss, 1978; Morris, 1978), but the effect of 
energy price on the productivity of energy has not been 
expilientiy discussed: 

The partial productivity index for energy, defined as 
the ratio of the index of output to that of energy, shows an 
annual -growth-rate-ot-only-0.01- percents this=resuit 
demonstrates again the shortcoming of the partial 
productivity approach. The growth in energy productivity is 
much slower than-the growth in productivity of labour even 
though the increased use of energy, by enabling 
mechanization, has contributed to the productivity growth of 


labour in Canadian agriculture. 
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Table 6.9: 


Year 


1961 
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Energy Productivity 
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In a recent paper, Berndt and White (1979) dealt with 
the interesting issue of the impact of changes in the price 
of energy on its productivity in the context of the 
manufacturing industry. Following their framework, the 
productivity of the i-th input can be defined as output (Y) 


per unit of input x(i): 
NOP soe areas (6512) 


where A(i) is the productivity of the i-th input. From 
(6.12), the elasticity of productivity of the i-th input 
with respect to the price of the j-th input price, P(ij), 


can be written as: 


vee din [Y/x(i)] (6.4))3) 
Ty GB 


Berndt and White have shown that P(ij) is the negative of 
the related price elasticity, E(ij). Hence, E(ij)=-P(ij), 
and E(ii)=-P(ii). Own and cross price elasticities for the 
various inputs considered in this study were previously 
reported in Chapter 5. The own price elasticity of energy 
was found to be -.97 for the homothetic single output model. 


This implies that a 1 percent increase in energy price will 
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raise energy productivity by -.97 percent. 

An increase in energy price can stimulate an increase 
in energy productivity through conservation. However, the 
incentive to save energy depends not only on its own price 
but also on the prices of other inputs. In fact, as was 
discussed in Chapter 3, the increase in energy prices was 
slower than the rise in most farm input prices during the 
period 1961 to 1978. As a result, energy saving effort in 
Canadian agriculture was not pursued to any great extent. 
Moreover, the share of energy in total cost was, and may 
continue to be, relatively smal! which may reduce the 
incentive to economize on energy even with serenees aK 
energy price. 

. Benefits from Productivity Gain 

Most studies of productivity tend to concentrate on the 
extent of productivity gain rather than considering the 
distribution of this gain. One exception is the study by 
Lawrence and McKay (1980) which was also concerned with the 
issue of how much of this benefit accrued to farmers. Their 
study related to the Australian sheep industry. They used 
the concept of the terms of trade (defined as the ratio of 
the index of the price of output (prices received) to the 
index of prices of inputs (prices paid or imputed)) and as 
well as the concept of returns to costs (defined as the 
ratio of the index of value of output to index of the value 
of inputs). Following Lawrence and McKay, Divisia procedures 


were used to construct the underlying indexes and the terms 
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of trade and returns to costs indexes were constructed for 
Canadian agriculture. 

The price indexes of aggregate output and aggregate 
inputs were constructed using all the components of output 
and inputs mentioned above. These indexes are reported in 
Cc lumosm sande2soT Table Gl0m Ine ratio of these two 
indexes is the terms of trade index which is presented in 
column 3 of the same table. The terms of trade index shows a 
generally steady decline during the 1960s. In the years of 
1972 and 1973, output prices rose much more rapidly than 
input prices causing the terms of trade to increase 
markedly. Later in the 1970s the terms of trade 
deteriorated, largely because of continuous upward increases 
in input prices. In terms of an annual growth rate for the 
entire period, the terms of trade declined by 2.65 percent. 
Such deterioration in the terms of trade is popularly Known 
as the "cost price squeeze". Whether this implies a 
worsening of the relative position of producers depends on 
fherextent of growth in productivity. ThatSis, one can mot 
say anything definite about changes in the income position 
of farmers solely from cost-price or terms of trade 
relationships. Changes in the technical efficiency with 
which inputs are converted into output--that is, 
productivity growth--must also be considered. 

If productivity improvement is greater than the decline 
in the terms of trade, the welfare position of producers 


(defined solely in terms of income generated on the farm) 
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Table 6.10: Changes in Terms of Trade, 
Canadian Agriculture, 1961 to 1978 


Year Price Index Price Index Terms of Trade 
of Output of Input 
1961 999 .692 1.444 
1962 10a -2 ae Aa 2s 
1963 ee ao R735 eis 
1964 Ae O20 moO hs Gee 
1965 faa) 2 aa isa 
1966 iby teks’ OU ageis| 
1967 ah Oho .900 a6 9 
1968 9393 936 1064 
1969 12028 969 “ho Oer| 
1970 1.081 .9390 12092 
1971 eG 1.000 a0. 
1972 1.298 1.064 i220 
1973 2205S ih RSS iL lohets} 
1974 1.980 ateeas 1207 
1975 1.806 sey She i2CUS 
1976 1.744 27000 a2 
1977 Hee OU) POIs 844 
1978 1.906 OF 204 865 


Annual Growth Rates(%) 
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can be said to have improved. If, however, deterioration in 
_ terms of trade has not been fully offset by increases in 
productivity, a decline in the relative position of farmers 
is implied. The concept of returns to costs relates these 
two measures (Lawrence and McKay, 1980). The relationship 


can be written as: 


Returns to Costs Terms of Trade 


Growth Rate of _ {Growth Rate of] | Growth Rate of (6.14) 
Productivity 


The returns to costs ratio index is presented in the 
last column of Table 6.11. It declines at the annual rate of 
0.82 percent from 1961 to 1978. The magnitude of decline is 
much less than the decline in the terms of trade because the 
decline in the latter was compensated to a large extent by 
the productivity increase which occurred at the annual rate 
of 1.83 percent. The decline in returns to costs was 
higheto om So ORDer Cen tae! year--in the period 1962 to 1978 
during which productivity growth was lower (1.31 percent). 

The indexes of productivity, terms of trade, and 
returns to costs are graphically displayed in Figure 6.3. 
The terms of trade declined steadily till 1971. The returns 
to costs index fluctuated widely between 1961 and 1967, and 


then remained stable till 1971. After 1971, the movements of 


ay ret is on 
sai 4 J y 
2c ’ 
3 + 
» 
an i 
a 3 
Oil. sevedsd 202! jo aus) 


“0 JreIxne sp t £ t 


efan 'ednnis sdf te 4 oss 


24W alveao «: 


RR ef S58 boi ee end nt--omey 49q 


* paheanial 





= 


oe) 


asta rit 





ut Need Jot ter eB? to omnes 
ari 33a0 FB yt ty Toubots . ; * 


Sia fit 
iat Yo faeénao arf bat tant et - : 
soy One sonewwal) gesaesedt cal ; . 
[te netiizww ed mas ; 
| 
S34) Iwo! 
fea) Os en 3H) 
) 7 ivi“ or 
fdai %o ry oD Jag} 
yer 4 iInsoreq £8.09 
Wiloes et? npdd eee! Asim | 
25 26w toite! ef3 nl enifees | 
w ezse ion! yi tvitoubgagueds: 
entioem en! . i neo1ed. 6B. i ae 


-. nerigte, 7 


ipmoieg <f 


Toul eww Aiwoop ytivitsubete dott ont 
tine estes Ne lpmies vs lvivoubonG 10 emxebmt 
, Rite I pies 


TabDlemomans Returns  toecosts Ratio, Canadian Agriculture, 


1S GH tomacy 6 





Year Productivity Terms of Trade 





1961 Hayahe 1.444 
1962 180 ened 
1963 Toon hay Stent 
1964 . 800 ioe 
1965 oie ese 
1966 .978 seer Le 
1967 .840 1,469 
1968 .902 106d 
1969 932 i) OLSS 
1970 .917 1.092 
19714 1.000 1000 
1972 .960 er 
1973 981 iGoS 
1974 . 896 1.297 
1975 .960 e008 
1976 .974 Die 
1977 1.046 844 
1978 Vey Ochs 865 
Annual Growth Rates(%) 
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terms of trade and returns to costs were aimost identical. 

A decline in the returns to costs ratio over the entire 
period could give an indication that the welfare position of 
producers has deteriorated. In reality, however, the income 
position of farmers is a much more complex issue, 
complicated by the considerable off-farm income earned by 
many farm families and by the question of capital gains. 
Furthermore, there is some indication that the relative 
income levels of some farmers, especially grain farmers, 


have been stronger since 1972. 


E. Estimates for Western Canada 

In this section, estimates of productivity growth in 
agriculture in Western Canada are presented. A separate 
study of productivity in Western Canadian agriculture may 
prove useful for several reasons. The growth rate of 
agricultural output in Western Canada was higher than in 
Canada during the period 1961 to 1978. The important issues 
considered here are whether this higher growth in output is 
attributable to higher growth in input usage or higher 
growth in productivity (or to a combination of both) and 
whether farmers’ terms of trade and returns to costs have 
moved differently at the Western Canadian level. A related 
issue which is emphasized in this study is the use of energy 
and its productivity and the likely impact of an increase in 
the price of energy and the efficiency of its use in Western 


Canada. The components of the indexes of outputs and inputs, 
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as well as the methods of analysis and data construction, 
are the same as those used for Canada as a whole. 
Indexes of Output, Inputs, and Productivity 

Total factor productivity {TFP) estimates for Western 
Canada were generated from indexes of aggregate output and 
inputs which are reported in Table 6.12 and Table 6.13, 
respectively. The aggregate output index, in turn, is based 
on a weighted composite of the index of crop production and 
the index of livestock production for Western Canada. The 
index of crop production shows wide ranging fluctuations 
with annual growth rates of 4.04 and 2.90 percent for the 
peprods of 2901 toed 9/8 sand 4962'to 1973, respectively. the 
influence of the year 1961 is more pronounced in the case of 
Western Canada for crop production than livestock 
production. This is to be expected since the drought of 1961 
in the Prairie provinces caused crop failure. The growth 
rates in livestock production were much slower than for crop 
production: livestock production grew at 1.36 and 1.41 
percent for the two periods of 1961 to 1978 and 1962 to 
1978, respectively. The index of all output is given in the 
last column of Table 6.12. The annual growth rate of the 
index of aggregate output was 3.27 percent over 1961 to 1978 
and somewhat lower at 2.52 percent from 1962 to 1978. These 
growth rates are higher than the corresponding growth rates 
for Canada as a whole (2.01 and 1.52 percent). 

The indexes of various broad categories of farm inputs 


and of total farm inputs are reported in Table 6.13. The 
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fable 6.412: Divisia Quantity Indexes of “Agricultural 
Output, Western Canada, 1961 to 1978 


(1971=1.000) 
Year Crops Livestock All. Output 
1961 364 .856 A477 
1962 681 Sonic os 
1963 826 . 806 836 
1964 6793 .874 io 
1965 810 .907 846 
1966 964 .899 967 
1967 ie .922 774 
1968 842 .940 879 
1969 770 893 809 
1970 2503 941 . 842 
1974 1.000 12000 1.000 
WT2 902 1.70 73 934 
SHES 947 1.004 964 
1974 807 .997 854 
1975 981 983 oo7 
1976 dials 4 AOS deseict 0 
mo 1a 1.141 on ks Lo sieete: 
1978 1.264 if NO Ske; ifs es 


Annual Growth Rates(%) 





1964-/8 4.04 1 36 Bod. 
1962-78 oe Ne 1.41 Qeo2 
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Table 6.13: Divisia Quantity Indexes of Farm 
Inputs, Western Canada, 1961 to 1978 





(1971=1.000) 
Year Capital Labour' Materials All Inputs 
1961 . 888 a Geshe , S07 962 
1962 . 886 1.274 .629 969 
1263 .903 12.19 .662 986 
1964 O28 e2Od eu 1.004 
1965 . 960 1.154 ey 985 
1966 eo 5 Lead See) 983 
1967 1.005 Nas .928 1045 
1968 00S 947 948 .976 
1969 1.034 1.050 899 tag 
1970 usd .962 WShERS .987 
coe 1.000 1.000 1.000 1.000 
1972 iO 2a nood APU dies 
1973 1.044 eo2/ jp 0 1.008 
1974 1.097 7399 STs 1204.6 
ees ahs .961 ea 1.054 
1976 1.204 1.047 besa eat © 
1977 eS: 982 tase Vea 
1978 fle cals den Un fe sie ‘pn theeks) 
ep nis a tl sa i etn ia a a 
Annual Growth Rates (4%) 
ele piReuaa} Wale ac 6S, 4,49 0.79 
O62 so 1.84 lie oes 4.35 Oh Ree 


nt 


iThe labour data are based on manhours and not on 
persons employed. 
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index of total farm inputs increased at a compound annua! 
growth rate of 0.79 percent over 1961 to 1978. This is the 
result of yearly increases in capital and materials of ace 
and 4.49 percent, respectively, and an annual decline of 
1.80 percent in the labour input. The growth rate in the 
index of all inputs is higher for Western Canada (0.79 
percent) than for Canada (0.19 percent). The higher growth 
rate appears to be the result of larger increases in capital 
and material inputs and smaller declines in the labour 
input. In Western Canada, labour (measured in manhours) 
declined by 1.80 percent per year while for Canada the 
figure was 2.80 percent. 

The TFP index for Western Canada is presented in Table 
6.14. TFP grew at an annual rate of 2.48 percent during the 
time period 1961 to 1978. This is the residual difference 
between the growth rate in output of 3.27 percent and the 
growth rate in inputs of 0.79 percent. When the drought year 
of 1961 is excluded, the growth rate of TFP falls to 1.70 
percent. 

The growth rates of TFP for the period 1962 to 1978 are 
more realistic estimates than those for 1961 through 1978 
because of the upward bias imparted by the fact that 1961 
was an abnormally poor crop year. The estimated growth rate 
of TFP for Western Canada (1.7 percent over 1962-1978) is 
higher than that estimated for Canada (1.3 percent over the 
same period). The higher rate of growth in DOROdUG UI Vaily at 


the Western Canadian level is associated with a higher 
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Table 6.14: Indexes of Output, Inputs and fotal 
Factor Productivity, Western 
Canadaren 0 Gnmet OO 1oNsdo 74 = 000) 


Year Output Inputs Productivity 
1961 A477 .962 .496 
1962 Pi28 shes 746 
1963 feels) . 986 .848 
1964 stipes 1.004 730 
1965 .846 “Sete taal 
1966 .967 nichate: 984 
1967 774 1708.5 7 fey 
1968 .879 -976 .901 
1969 ous 1. Ose .800 
1970 ,842 mcs! Gos 
1971 1.000 1.000 1.000 
ene 934 ea 7 eS 
1973 .964 1.008 .956 
1974 854 tate .840 
1945 2OST 1.054 5 Si1s) 
1976 i paee) dO ~I86 
1977 Tesco airs dee 2 
1o78 223 slg there: deni 





Annual Growth Rates(%) 
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growth in aggregate output which more than compensated for a 
higher rate of growth in aggregate input use. In part, then, 
the higher growth rate in Western Canada is likely 
attributable to the greater importance of the grain sector 
in Western Canada, the grain boom in the mid-1970s, and the 
attendant impetus for the adoption of further mechanical and 
biological technology in the grains sector. 

Annual growth rates of TFP in percentage terms for 
Western Canada in different subperiods were also obtained 


and are reported below: 


Ae Ley O 8 5 Mey ays acres oe ee d04,0 
SIC EST olathe. On Race een 1.84 
{CISA iis 6 odin ee iy Pace Ou 
ROW ASICRTES oo Ale Ae her | abe dea 
LO? cel ORM RI am te cot p eas Bale 
RSE (oie ie ec Uk Ono evs ch. cao ae ce Seu 


The estimates of productivity growth in Western Canada 
for the later periods are higher than the corresponding 
Canadian estimates. Compared to the earlier periods, Western 
Canada also registered higher productivity growth in the 
laterspeniods. his as) iInycontpast eto (hessaiiud ti oomin 
Canada as a whole, where there were some indications of 
slower productivity growth in the later periods. 

The indexes of aggregate output, inputs, and total 
factor productivity are graphically represented in Figure 


6.4. The aggregate input index rose gradually and slowly, 
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while fluctuations in the productivity index were more 
pronounced and tended to follow the fluctuations in the 
output index. It is only during the last few years that 
output growth has been greater than productivity growth and 
this faster growth in output has been a result of faster 
growth in the aggregate input index. 

Productivity growth rates based on the Laspeyres index 
were also obtained for Western Canada. Laspeyres indexes and 
annual growth rates are reported in Table 6.15. For the 
period 1961 to 1978, the annual growth rate was 2.51 percent 
which happens to be very close to the Divisia growth rate of 
2.48 percent. When the drought year of 1961 was excluded, 
the Laspeyres based annual growth rate fell to 1.80 percent 
which is slightly higher than the Divisia based growth rate 
of 1.70 percent. The Western Canadian estimates based on 
these two indexing procedures appeared much closer than for 
Canada. 

The Star-Hall method--a shortcut procedure of 
estimating the growth rate of TFP using only endpoint data-- 
was also applied for the agricultural sector of Western 
Canada. The Star-Hall estimates of the annual growth rates 
or TER ee based on dabies) 6.42 16.83) and 6h Gerore ines two 
periods of 1961 to 1978 and 1962 to 1978 are 2.04 and 1.40 
percent, respectively. These estimates are somewhat lower 
than the standard Divisia estimates, but they might serve as 
first order approximations of productivity growth where 


insufficient data exists to compute Divisia estimates. 
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Table 6.15: Laspeyres Based Indexes of Agricultural 
Output, Inputs, and Total Factor 
Productivity, Western Canada, 

1 Galmet Oneness Cua an OU e=aen000) 


Year Output Inputs Productivity 
1964 OS noO2 5 Oi, 
1962 a0 ene) nee 
1963 ao20 aH 2 Poa 
1964 134 $2025 EES 
1965 BOOi .998 . 839 
1966 .946 .989 .956 
1967 EE ils Woke: nigel) 
1968 no? 0 974 .893 
1969 HSO05 Pade 7/96 
1970 842 . 986 854 
1971 1.000 1.000 1OOG 
1972 BOS ie Obs noes 
1973 4 Sils\ 1.009 954 
1974 . 864 she @alee: . 846 
1975 oars NaNO heyy! oo 
1976 TO UOy de (AS) 363 
1977 1 eG WeaAg 1997 
1978 1 92.0.0 1.144 1.049 


Annual Growth Rates(%) 


g960 276 Deets 0.64 2poe 
1962-78 2.49 OR 6g 1.80 
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Table 6.16: Shares of Capital, Labour, and Materials 
in Total Cost, Western Canada, 
196i to Aone 


Yeare otal =cost i! Capital Labour Materials 
1961 1489.6 R205 mies 9855 
1963 1649. 1 . 2986 .5099 .1914 
1964 17#69%3 , ye hene, 4683 ma 950 
1965 18926 moO 4320 974 
1966 VOBGs2 3019 .4194 72426 
1967 2156.0 OCH 4186 eS 
1968 26 3-6 3944 3844 POS 
1963 2302.8 mo ol 4286 sil She 
1970 220 ao ao Oe . 3868 ei o54 
1971 2303 62 3544 4287 PeAOo 
172 246548 moo? @ .4214 W220 6 
1 oies PETES ee) ici . 3949 2494 
1974 3458.1 oie le . 3740 P2502 
iW ee) 4248.9 ale As) 3914 206 
1976 Sole. U sce te . 3964 Zone 
1977 SAde 6 5430 4448 2406 
1978 6303 42 . 3801 .4054 Poway 


‘Both actual and imputed costs are included and 
reported in terms of millions of current dollars. 
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Partial Factor Productivity 

The indexes of partial productivities of the three 
broad categories of inputs--labour, capital, and 
materials--are reported in Table 6.17. The productivity of 
labour and capital grew by 5.14 percent and 1.37 percent per 
year, respectively, while that of materials declined by 1.17 
percent. As expected, all growth rates of partial 
productivity indexes fell when the drought year 1961 was 
excluded. 

The partial factor productivity measures again give 
paradoxical indications of productivity gains. The 
productivity of labour is found to be higher than the 
productivity of capital although the latter input 
contributed to the increase in output from the declining 
input of labour. Of the three categories of inputs, 
materials exhibited the highest rate of growth of use. This 
category of inputs likely contributed to the increase in 
output and yet its partial productivity was found to be 
negative. This is because the rate se Sikandar of the index of 
the material inputs was higher than the growth in output. 

‘The measure of partial productivity of energy {one of 
the subcomponents of the material input) is of particular 
interest. The quantity index of energy and the partial 
productivity of energy are reported in Table 6.18. The use 
of energy increased at the yearly rate of 2.67 percent in 
Western Canada between 1961 and 1978. This rate is higher 


than that for Canada (1.98 percent--see Table 6.9) as a 
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Table 6.17: Partial Factor Productivity {PFP) of Labour, 
Capital, and Materials; Western Canada, 1961 


to 1978 41971=1.000) 


Year Output Lt Kt Mt PEP(L) PEP(K) PFP(M) 
1961 PAUjm mmo es S8G NGO. 2374 537 oT 
1962 R7QG0 mmo AT. | 996. eaG29) |. S67 KSiee 4.449 
1963 FOdG pee7S 909) mac6> 2654 pis aie 
1964 5790 eo Gieeer 920§ ga20)) (584 o0e C1018 
1965 Fo46) ane i54.° 49600 pais2 733 shh 4.4125 
1966 FOG? eraO7 7 O75 Nes? 8898 4. 0%%e 1.455 
1967 7A MAO 180050 mens 29) 62720 TEM 834 
1968 873 ROA7 =) 00S memeedy, 928 876 928 
1969 FS09) meig050 940846 mmsoo 9 2770 ae 900 
1970 842 RO62 sa d>0e macss 6875 802 902 
1971 ‘O00 mIBCOO 170008 am000 45000 4. 000m 4-000 
1972 934 EOG7 91,0274 aecyi1 (966 909 872 
1973 964 ROOT 4 me e208 40 926 861 
1974 854 BO90 6 007" 28 950 778 760 
1975 997 ROGipe com een?) 4 037 876 892 
1976 (ee OS SeO47 = 4 2046 69 1.060 5095 949 
1977 1.138 ROS 0m ied sm aie27 28 459 955 895 
1978 90s 00 A058 24) ee 00S 37, 





Annual Growth Rates{%) 
g 
| 


1 Oho OS St / 
elses: 


1962-78 2.52 R85 6. 4.97 0.59. —=a279 





1L, K, and M refer to labour, capital, and materials. 
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Tablet omioy Parti dl Productivity“or Energy, 
Western Canada, 1961 to 1978 (1971=1.000) 


Year Output Index Energy Index Energy Productivity 
Sieg .477 aaa 5o23 
1962 wes ik . 938 
1963 stares) ne i, 0 Oe 
1964 ao Fo0S .906 
1965 . 846 .846 1.000 
1966 367 . 864 ‘pris eles, 
1967 .774 See . 839 
1968 .879 .930 .945 
1969 .809 «Sas . 864 
1970 842 .964 yen 
1971 1.000 1.000 1.000 
1972 .934 TeOS2 .905 
1973 .964 OWES . 896 
1974 .854 1.149 .743 
SHES) .997 eu. . 932 
1976 ekt 0 1.094 i Uees) 
1977 34138 1.144 oS 
1978 Pe2os shay Veh: de 05H 


Annual Growth Rates(%) 
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whole. Faster growth in the use of energy in Western Canada 
might be attributable to such factors as the greater 
importance of grain farming in the farm enterprise mix and 
the slightly lower levels of energy price which have 
prevailed in Western Canada. 

The index of partial productivity of energy, given in 
the last column of Table 6.18, shows an annual rate of 
Grewth of only 0-59 percent from 4964 to 1978. For the 
period from 1962 to 1978, when the growth rate in output was 
much lower, the rate of growth of productivity was 
negative(-0.17 percent). These estimates are similar to the 
ones obtained for Canada and illustrate the shortcomings of 
the PFP approach. 

The link between the price of an input and its 
productivity was noted in equation (6.17) above. This 
relationship means that the elasticity of the productivity 
is the negative of the corresponding price elasticity of 
demand. The estimated translog own price elasticity of 
demand for energy for Western Canada in the homothetic 
since toutputemode lei sigs0: A2eeihisaimolaes jihatethe 
elasticityeot tthe produchiviay of energy e1seGe2 (elntoEher 
words, an increase in the price of energy of 1 percent would 
raise energy productivity by 0.72 percent in Western Canada. 
This productivity value is lower than that obtained for 


Canada. 
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Benefits from Productivity Gain 

As was the case for Canada as a whole, two concepts are 
used to gain an indication of the distribution of 
productivity gains in Western Canada: changes in farmers’ 
terms of trade (the ratio of the price of output to the 
price of input) and changes in farmers’ returns to costs 
ratio (the ratio of the value of the output to the value of 
steyepieg) 

The terms of trade of Western Canadian agricultural 
producers generally declined during the 1960s and 1970s. 
Despite considerable recovery during 1973-75, farmers’ terms 
of trade fell by 2.40 percent per year from 1961 to 1978 as 
a result of a 7.56 percent increase in the price of input 
and a 5.03 percent increase in the price of output. For the 
period 1962 to 1978, the annual rate of decline was 2.32 
percent. The foregoing estimates are reported in Table 6.19. 

It was pointed out in the previous discussion that the 
decline in farmers’ terms of trade should be weighed against 
productivity growth to arrive at a more definite conclusion 
of whether there has been a deterioration in farmers’ 
economic position. The concept of returns to costs links 
these two aspects. Returns to costs ratios, presented in 
Table 6.20, show a very slow growth rate of 0.12 percent per 
year during the period 1961 to 1978. The benefits of 
productivity gain (2.48 percent) were almost totally 
counterbalanced by the declining terms of trade (-2.40 


percent). For the period 1962 to 1978, when productivity 
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Table 6.19: Changes in Terms of Trade, Western Canada, 
1961 tovsS78)41974=41,000) 


Year Price Index Price Index Terms of Trade 
of Output of Inputs 


oom 12009 Tome Pear 
1962 1.094 2103) Pod 
1962 17056 ee) 1.454 
1964 1083 » (ei 1.418 
1965 1.046 $002 1.304 
1966 13096 aoe je 2U 
1967 1.149 agee 1.240 
1968 imOss ches a eae 
1969 10020 350 palsy) 
170 974 "9Ge 7993 
1974 1.000 1.000 1.000 
1972 mowed 1.060 noe0 
pees 1.493 Ze) io 
1974 2.409 1.478 17030 
1975 26325 1.749 ates 
1276 eee fl play. 1.068 
1o7y 1.964 A ESS EOlT 
£O LG 2.084 2.404 . 867 


Annual Growth Rates(%) 


1961-78 Ses PR iahs -2.40 
1V62—7 8 5.41 7286 rides 2 


68 









“4 \n) 
ms A “a 


7 » : 7 
(‘65gMmS? MIsl2e" sbe+) to sme! nt eegreee, ee dst 
. 04 1 <P r Oy Tearayow od be 





‘ - 
"9 »~otut sehee 45aY 
ies Le JuqtuG 70 : 


— « ee 











at 


Table 6.20: Returns to Costs Ratio, Western Canada, 
(96H tor497881 1974=1 7000) 


Year Productivity Terms of Trade Returns to Costs Ratio 
196 1 496 Se) .748 
1962 746 13564 Wig HS 
1963 848 1.454 230 
1964 0 1.418 $7033 
1965 ates) 1-304 tees 
1966 . 984 imo 0 pass 
1967 Loe 1,246 946 
1968 .901 126 dea 
1969 . 800 Aol ORE PoOS 
1970 PODS .991 842 
1971 1.000 15.000 imelele 
1972 a925 . 960 .890 
SES! . Shel 12259 de itsls 
1974 840 fm63 0 ipods 
ees .956 ih seas heels! 
1976 . 986 oH  Blos 1.064 
fe, 1022 One, . 300 
1978 1075 moloW/ 934 


Annual Growth Rates(%) 
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growth was slower (1.70 percent), the returns to costs ratio 
declined by 0.57 percent per year. 

A graphical representation of the terms of trade and 
returns to costs indexes for Western Canada is given in 
Figure 6.5. It can be seen that the terms of trade index 
fell secularly between 1961 and 1971, after which it rose 
sharply till 1973 and then fell again. The returns to costs 
index widely fluctuated before 1971, rose steeply till 1973, 
and then fell again. The post-1971 movements in terms of 
trade and returns to costs were very close. 

The trend in the distribution of productivity gains 
seen above is similar to that outlined earlier for Canada. 
The magnitude of the decline in farmers’ economic position, 
as given by returns to costs estimates, is smaller in the 
case of Western Canada because of the faster growth of 
output and productivity in the region. If higher 
productivity can be maintained and increased in the future, 
the decline in farmers’ relative position may be reversed; 
otherwise, the erosion of productivity gain by adverse terms 
of trade may become more severe in Western Canada. The 
necessary caveat to this discussion of farmers’ relative 
position is that it relates only to income generated on the 
farm and neglects consideration of either off-farm income or 
capital gains, two major contributors to the current welfare 


position of farmers; 
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F. Summary 


The major empirical results of this chapter are 


summarized below: 


se 


In Canadian agriculture, total factor productivity 
(TFP), based on manhours data, increased by 1.31 per 
year between 1962 and 1978 (or at the upwardly biased 
rate of 1.82 percent per year between 1961 and 1978). In 
Western Canada, the TFP growth rate, based on manhours 
data, was 1.70 percent per year between 1962 and 1978 
(or 2.48 percent between 1961 and 1978). In general, the 
estimates of productivity growth are somewhat sensitive 
to the conceptual and empirical measurement of the 
labour input. 

Growth rates in TFP ‘in Canada for different subperiods 
indicate some decline in the latter periods--for 
example, 2.12 percent between 1962 and 1972, and 1.61 
percent between 1973 and 1978. In Western Canada, on the 
other hand, TFP growth rates in the latter periods were 
higher--for example, 1.81 percent between 1962 and 1972, 
and 3.50 percent between 1973 and 1978. 

The estimates of partial factor productivity PFPY 
showed that the productivity of labour increased the 
most followed by that of capital and materials. Thus the 
inputs which replaced labour appeared less productive 
than labour. The growth rate of partial productivity of 
energy was found to be either very low or negative. 


Partial productivity trends in Canada and Western Canada 
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were Similar. 

The Star-Hall approximation, using only endpoint data, 
generated TFP growth rates which were reasonably close 
to those generated by considering data for all years. 
The differences between the Star-Hall and Divisia based 
growth rates are caused by fluctuating input cost 
shares. 

The relationship between energy price and energy 
productivity (using the Berndt-White framework) showed 
that the productivity of energy was sensitive to energy 
price changes. The magnitude of this sensitivity 
depended on the own price elasticity of demand for 
energy. 

The growth rate in the terms of trade (ratio of the 
indexes of prices received to prices paid) was observed 
to be negative over the period 1962 to 1978 in both 
Canadian and Western Canadian agriculture. The growth 
rate in the returns to costs ratio {ratio of the indexes 
of the value of output to the value of inputs), which is 
the sum of the growth rates in productivity and terms of 
trade, was also found to be negative over the same 
periods. The decline in the returns to costs measure 
indicates a deterioration in farmers’ economic position 


based on their on-farm income. 
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VII. SUMMARY, CONCLUSIONS, AND IMPLICATIONS 


A. Summary and Conclusions 

This study dealt with various aspects of factor 
substitution and productivity change in Canadian and Western 
Canadian agriculture. The study of factor substitution was 
conducted using derived input demand functions corresponding 
to various modifications of the translog cost function 
defined for the inputs of land, labour, machinery, 
fertilizer, and energy. Technical change was incorporated by 
including time as an argument in the cost function. 

The empirical estimates of the Allen elasticities of 
substitution (AES) showed considerable factor substitution 
(and complementarity) in both Canadian and Western Canadian 
agricuture. The estimates of AES for different subperiods 
changed in magnitude but not in sign. There was also no 
indication of a decline in capital (machinery) - labour 
substitution in Canadian and Western Canadian agriculture 
between the the periods of 1961-73 and 1974-78. This implied 
that the ‘energy crisis’ did not have any significant 
dampening effect on capital-labour substitution in Canadian 
agriculture. The own price elasticities of demand (ED) were 
generally found to be less than one indicating inelastic 
demand for most farm inputs. The translog values of ED 
differed substantially from the corresponding Cobb-Douglas 


values which were also reported. 
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In Canadian agriculture, the existence of technical 
change was observed for both homothetic and nonhomothetic 
models, while in Western Canada, technical change was 
observed only in the homothetic model. In both Canada and 
Western Canada, there was evidence of labour-saving and 
machinery-using, and fertilizer-using bias in technical 
change. The importance of the purchased inputs (materials) 
and the interdependence between these and the durable inputs 
were confirmed through the rejection of the stringent 
conditions of the value added specification. 

The empirical estimates of factor substitution suggest 
that input use in Canadian agriculture was shaped by the 
forces of changing relative input prices and technical 
change as well as (though to a lesser extent) by scale 
effects. The picture of changing input use which emerged is 
more complicated than that implied by the Cobb-Douglas and 
the CES functions which restrict the value of elasticities 
of substitution to unitary or nonnegative values. 

In the study of productivity, the flexible weight 
Divisia indexing method was used. This procedure takes into 
consideration factor substitution and differs from the 
Laspeyres index which regards all subcomponents as perfect 
substitutes. The empirical estimates of productivity growth 
varied from 1.01 to 1.82 percent for Canadian agriculture 
depending on the definition of labour (persons employed or 
manhours) used and the inclusion or exclusion of the drought 


year, 1961. For Western Canada, the growth rate of 
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productivity based on manhours data was found to be higher 
than that of Canada. The Star-Hall method of approximation 
generated growth rates of total factor roductivity which 
were similar to the Divisia based estimates. 

The partial factor productivity (PFP) estimates for 
various farm inputs were also reported. The shortcomings of 
the PFP approach were clear from the empirical estimates 
which showed that growth rates of partial productivity of 
the inputs capital and materials were very low or negative, 
while that of labour, whose use declined relatively, was 
very high. The relationship between energy price and energy 
productivity was examined using the framework proposed by 
Berndt and White (1979). This showed that energy 
productivity was sensitive to energy price change. 

The benefits of productivity growth were assessed by 
considering both changes in farmers’ terms of trade 
(popularly Known as the “cost price squeeze") and returns to 
costs. The decline in the terms of trade was greater than 
the decline in productivity growth, resulting Fr a decline 
in returns to costs. These estimates indicated that farmers’ 
economic position based on on-farm income deteriorated over 
the period of 1962 to 1978 in Canada and, to a lesser 


extent, in Western Canada. 
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B. Recommendations and Possible Extensions 

This study outlines and illustrates improved 
theoretical and empirical approaches to studies of both 
input substitution and productivity growth in Canadian 
agriculture. Given these improvements, it is recommended 
that particular attention be paid in future to further 
improvement of the basic data series, especially input 
series, which underlie this work. Studies of factor 
substituton and productivity change in Canadian agriculture 
will be greatly facilititated if Statistics Canada provides 
more complete manhours data on a yearly basis, and price and 
quantity data on fertilizer and its various components (N, 
P| K). In this study, the 1976 census definition of a farm 
has been used. As an alternative, the 1961 census definition 
could be used in measuring the land input. The use of the 
1961 definition is likely to lower the growth of the 
aggregate input index and generate a slightly higher growth 
Pateno pede oe i SeWe fie] OMIM LINOsODpOr.Un tye cos tatomtne 
capital input (land and machinery), a flexible interest rate 
might be used (Ellahi, 1981). 

“In the area of agricubturalsproductin ity ges ta Gisties 
Canada should take the lead in (a) providing total factor 
productivity indexes for agriculture in Canada and its 
various regions, and (b) using the Divisia indexing method 
which has been advocated for productivity analysis by the 
United States Department of Agriculture (1980) and by 


academic researchers (Jorgenson and Griliches, 1967; 
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Christensen, 1975: Brown, 1978). Further extensions in 
productivity research in Canada might involve the correction 
of output (and thence productivity) for climatic changes and 
the attempt to account for the sources of productivity 


growth. 
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